“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1993 


Total Quality Management in construction. 


Miller, Charles C. 


http://ndl.handle.net/10945/24240 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
. (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist L Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


nN i KNOX appointed — and published -- scholarly author. 
| inp 
, LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 








































































































































































































































































































































and Sr Hr 
oe — Fi Tr) at yin yi Av ao Nip la my ‘> ras na 
2 sal = Dy 2 ¢ be a a . 
“1 a 1 ol “arr eh mayer Whe prt Hy 9 1 See i fein A tte rreeie t Res pani Ae iesrangh Pray cit 
r , i] 1 Sy | Th i eH \ Bp aa aie Le te] we 
a t ’ in ie ate a ia Lael a! . 4 4 u ‘Fe ray aS RoC ta wie 1 oi Dy, xi ae ry De 
ay oe ie | ha % eth bea ah by Martie ur 8. a’ $ ror itr ee 
i y ee a. ‘ ) gh ye Cy orhe ee 
, rT n ' id a Pr 1 1a Ned ? ah mi r yh ee FY AUN Ae ae ne De eee ae toy 5 Swe ace me Sav a tg 
Pee es re | as! Le Hears Sie ahs Nake ear i Wh elt i ie eee Pa Behe } 
‘ae Act aay J i 1 i a a 2 15 & OE ee) + con ae Co es oT, oa i wy a A RTS 
5 , 4 i) wee = ~ a = ee t bad ny On) te AS 
7 eae. i rr va hg ove wee te fp A tet pad pe Sie ; u oe me eet IA Kanes rn “Lt kN states 
re Hk ¥ e 4 : ty a A AS 4 Lm ieee _ y cot is 3 44 PY? aN n \; adh. rer bere es Pega a erp , lores Th Ge 5 ee 
i Ee ; 4 1 crit) :* ; > re Ae Tt ry eee ere var) od n Pres rtt iy 
: ae ia yet , on i, bar sorte iad bra cp, ee 
a ! rs cy ry an ; “ oUF 8 c SAA . ee ‘robe tk ATS Whe rakes Srey, * 7 oe tte se the iets sone 
, an £ Pa cf 7 a Ly Py > 
Pa . ” ak gt Rae are Some et wll A gk ity sip oon my arn ars Set aia wy cane 
L 4 Py) . th ‘ay ete rigs $55 Bere on GAelate tit ee gan 
, , , Jay Yahya A lathe Rear Se sabe 
4 3 e ae. 4 pies as A vr * = the le Pearle: ie 
rs ‘ : ad Parte Pe nt "i eh a Ae ere yay. rays 4. ay bares a tee A nn ee R 
a er eee ° aT RST te Rat RY Pek eek Rahs A ve re 
E 7 ‘| 1 i oe Se Te | we ai ere Btn aye DN af SS Cheha ae "te nag 
te i ett patty Mintel nenteracae the sh aah aa gece oat 
5 ‘ay Ae | ‘ atl ia oy Ry EN Ny 4 > Me a Zn Ret Sas RN sited ae Ba OR eth *4 yon 
vy a‘ = i > @ Ty re! i i] 5 4 
H Ls re ¢ me 1 U ; ai mY Mh if ms ye , , i PY arte rs ed SAS Ag Fr ai coe * ine a ns 
vA ri r ” : Ws. S 4 a =m + F ae y oy ol tee aa Sa arts ar EN 
7 J \ Nt ‘ i os / . re. ‘teed ne 
n . er Pe rey) ee a atl I -.* ar ‘ et ee ee the stent id AM at Ty $y arn eats M4 ae ae 
p : : a ag Leeann 5 ai een) kts) ag Arig meer he nahi he 
a) ’ yee ae ies Vag tee Rds a Wh Ain my et eee tama rc ens 
7 1 2 Wd i i Ce A at 
a Ae a? , AL OLaer ce eae os &. rag sere Than Ae bro’ Ac eae TR ee! rea Pay ‘i 
- D el e ‘ ie Loe Lee 4 f a A a " Pwr rae 24h ey WH 4 oo) rae pares tT Toa 2 rar ene i ae ata 
S aaa ‘ ra mS one Pare ts We) if Ah + et ier 7 FS tee Pon: Aa aR gt a po ray e 
Sec Satan Mi : ome weg Jill ¥ ues ri Pee net in Seca wf eye Its aA fregay Sits i Eats ok ne, Nar by! * 
ae! y rey ee) = eet i eae ee Aid Pa ra Peat ES ree age hs mY.) ery. Path tyre noe Shee oa 
aa aD - |. pt a - m ° “3 weve ra Re, “eer anh Tee af Aer sd pitty n oe rig Pere ia p Aa aa ro8 ai hear ype ane in us ae as “ ReneS 
ara So ae Oe ag OU, A ei il i ion ste ats Ait es ees ane re Pe pamataoors tb oe okies = OT 
. oT i % efi awares *.! Pow T mt , rs aw oh ee ety Y be A Sart a3 en Raa tol ak 
aero i % r ie a oth re x Se, Natbvesketa en rh , wee a sie che atte Petey 
, ae i : od ba ne we oe eRe YY a i er Rie on M4 AY RS oY bee Wee. ere ir ne te Sona - pete bantacandrei prctiees ne ie) re Lees eerie leds 
e o A weg ry ane r A e tH 
: , ye ae Mesa a ae RS ea a Cer Sate a F chid — Ayat eee J REN Sarna i ne es nN eear a 
er eT a el i ent a aca Seat See hentaaae aa ar Reet: 
E : spo> sa dat ¥ » RE RAY ry ey oy Pe ' a a tA a hy > i 
a © ; A ee Py eer) Tt wp da etry Petia yim vs ron en oF OG Pain UY nico wet ti Aya nbs ia beast nc Re ee wv; 
; e i A i m4 an oo 4 i weet. PLS eer cae el k “Tt eb ft tol ia PD ne % ee ae at a er ar cath en tt H be 4) a 
7 , : 5 . a A u Peres a i +4 AY ly uf ay ie Pt = ne Rey one 5 Pa Ra eek Pe se a it sie 
Ae i] a Fy ree " Me ta teed ed Un es ye es 7 ‘ a Sel Ey hited aL AO n 
ny tt 5 a Bis vb > ta Dt Pier 4 Sey acah Naty ri ¢ Tt aT aly oe BS ae pee i joeeie 
z Pe as Be = Pte te 4 AD Rebate rey eed : i 
2 : : 7 ee 7 F t x ; fi . D2 \; » er ente Pertti iY Oa Sere mace ae Pa? rae 
F Fi F S| Sy" Ae 5 ¥ eee mre Ret ake ei BA Geekery JX, stat f) ace 
m bf a bec ears a i ie ee Se Se Vie ey Ay, iY? OP ee phe gs ate , ne GO ie Bee 
ce res, ~yt ¢ Jeet A erie MA Rn oe Woe Mee ie pk re TE NEY ae ee 
: a ; 4 Fs 7 net v a ye y 4 i it er ue a e wal. Athosrars Ay * yaad epee aN eget rt i eon ed pee f mR Lh 
ra OF ' ee Oh NE eg Aaa inh NLT ) ay! i HEN: Reel 2 efor ae ni Pan at shart x sae ah: 
ou ° ve me: rh ie arte ree J H coe awe By 
J H i re P fio bain he rm H C UE at oh Beara yy y F A Pras t er} ads aay ae ab Nae bak OES; ay A tr Bui we 
g Ar OF a ee P| 3 Na A Naz ha Jee ma “/ “es tdi poate 
i | em st is oF, art mc oe A riper a el Ms rs fe oo 
7 - ‘ 4 ol rr Py Des i oo My yf n oy - ep vo era! u mah no ete A OTe eT ee a 
s ‘ a A eas Pad ache a ae, § A tn var 4 ee ot % “eg Min ve ae f Tae: ack rhi4 
ree v4 A 1 : a , a) ee tg 3 tac Ce ye oT bar tees ot or anh, On a tm 
; : Me ee *s, Fj ay ey, shy ate seas ean ry “ 
Pr bar | ‘ p " oes : arr an Me ‘| ’ rat b ‘ings oe a Ss Rar wis Ba Ae: se = Prony a ea Pi tr 
: Arte $ ; A e a Py im at Abi io ie bi Car ae oa Ma ves ft AN err VT Sie ks ENT = ae 5 san So te ' 
ae ee te te ee a , i Cae ia vd tea lag alia Ace al = ee ft baby aA i eee Seige het hi of is rape ae se ah clare 4 By rte 3; 
D ° A a , H Py. at jer Nee he Og ri a i ties ats wy at en PA Be eas are oh ee sent ia ee * Coes +e coe ie ae Sere te, . te Beer i 
, F hi ee} : Te tan Mm o* yi yy aie a Aan oar, P. . Ry ~ ere ie . rT gree SO ed bec pie base 
aan } o by. 4 Pie | , Bet) a =r eT en ene er hey a | . Fr. ny) See af oo ass Pinas} Tyib Se 4; Paci ee TA ares sna : 
oe , DM %, i ‘ als 1) j Tae 7% Pi rhe re oe Eeseo. r emcee . eg be tit £ ce aad See oi ns ee ae ee : re rete : 
A ‘ es | ’ ’ re) py ath ae A OASet ‘2 The : ee ri tee Mp Mand ca ery ve 
o : 7 ‘ aT en arr F i} 1 % FA tia ins" g.% € a, Pu te i} es eb eas 1% 
, b A # ~ | rar r ' “ive ry | . 5 C H . 4 ae ES ian 
; A , Ay ; AS Wile tad ay a och Pew ke Mes tT) Pa ye i ; Lat at ee ie {rare Sy: Pore ake Tea sare ane pe eae 
as : Piety i ey as ee, if ‘ Bhs PY Se LD hae, r ar Pye aie ae e art K 2 rt 9 ta POT a brie 
ar ss n nM iy ‘| ets hve Th he" B 4 ee he ie A iH x iy p 4 ei +e me Yd % 
7 ay ita. bs “A a Pa wy en we he ke rad %) pepe ote Cres, at aA erie Rat ae rk 
p i , o i | % a % ee ‘ AM 42:4 “4 tire Ca PU wares | ites 364 bere <a bY conti } ite ds, Bar eet: (rer ne 
: A Pc As Tang it at e yes : Pra ae “i 1 rs a a5 wi a oh ye ast) ete aa aera a ny a er 
| . Re Me hc MPR Ae ne SRL ge Stee : ee Rata aert 
f : P} sd te pee & % a ee mnie ty af ae 4 5 ihe 5H bt Fg eh MLE Scere 4 a . 
: y hh eA Neg adadi ld Ati is > ee Oar eaek ag Re OG msi ou oe a mene St 
» ae en 5 aw 4 " te 7 Wiew Be Yh Bate ted ba» He ts Y wre} Fete res Dire Par OF) cy ESE sa Vee oe (j 
a - ve ca D : ates ! Oe a Ce Mb re 1 pn vi Ay Ee ec Sicha As nee Psa vy pae ae 
: Y 4 car Th i an a re a yal Tey ary a ei bs oy Cat Vere ae rae hs TRE Oe re itt ys 
‘ eS A aan erm UG Ih : Tee oe te UY Pe ieee <a 5 af ay a RP oe PRS Ta ied ne mi sity y , 
1 ; FP TP, fe tees fae ~ ne eg " 7 ee Ce Sie Pa ee Dane Pa SATE A eh te ick Pe 5 
: i x eae a! , 4 a 671 ae a et OY Wy On eee Wash Pits Ae GA; ees eases eo aes nb be octe cr wecy for bedi arora ty eee cea py a 1 os xis q 5 eae 
meee” ah CEO AT ROR CaS OMT Siar Oe, Mui peneae sinter tes ts Ate ae ura rene tet aes ren ear Nees 
u oe a , fl 1a 2 oe : ‘a to) en Mt DTS Sa er a es 5 § see ce a ; OA 4 * tiaen oS She 5 Pi comer 
Y ; aie F a Rr He ci Fa y wt ae LM a eet) wh : oo i Pa eg mer 5 Pay Eero: Ae r+ 
ie: vd ace | es he“ afians rare bee i: Asevtiy Seay ty ay Mes et i a eee eae eed frend acne Cai ra Pets sae ‘ 
soo Sie 4 eee aC) 8 y OA er ee eR a7 a A AF o5 Rt oe rae eos LO Ve xt ee td © Ooh erry cae: 
ee PF ; P * f Tt LS A ae s a 7 <b Monae Pe ea ef G. Fares 3 wu a ee ed so Elie Seip, bbe . 
; , mo Nak Wy ee og SRG i os. a Le : ane nS canes ce eS biregees eybty Sree pay ees Pita Et, 
, ms “2 , 5 R L 4 : 4 ea rer st Tir ae rt fot oF Cane ry pe ih i rary vendre agi oh nf es. 
ne A E ae ner Sages Tae tee Tat Reet a Si re ease rn ee ‘ 4 
; , P one “ om F AM. Ge eu SOARS ra Peat 3 BYE ATR BOPs tr Wick 5 PA RRs at BS Gh Lak Mabe lated. St 
1 uit 3 ae San ee aes LLY od tat Hy ah Pere ee anaes out iia heen ere ie See 
: Sa, 5 a i. ie yyeurse. thy, ere Sane i: are iN aes ep 
. : LS 1 Je ee df ‘ Ka 4 yy 
p 5 n 1 Sy = fe iy | i dea’ a * Ae if hs oy ae ¥ ae 
pres , oy wiht "ty , , f° a Poh See ae 
° Fy . é Ln re i" ee cee arty 
f Ae 4 ed rt bs yee 7 are ce fe vs 19h pon 
* 7 re) s I Py : 4 ri a 
7 * A “ y, He , en ie BA it eee 4 Ws a Aap vi 7 
A 5 . re , g mi { tal ned rae ap diy are, ys Abe a ee as eee fel, 
rs aoe Rh AES paca pase Meer ity Ber ae oe 
- ne aaer ne Oa ie, 3 H Lea Bas Bd vi Cte te ‘t) oneh uti noes ee 
: , “i aa an La] Ary tiAe Pret ee af pa S Pi ies aie . 
1 ? . z ra ol C3 
: a i ‘ ni | ’ 7 Pas aie ge é Maret rt es bt van i wets py Spee He a 
vs ar a] rae Re he BY mH 
’ . O t a re ee ‘ cients * aie rele kp Pe Reine cr ae ict Es mek AA if 
; F, ; sf ae gee BE Enos Hecta a y 
, + Ad ee eee roe oh i mage iiss Fi 
y ‘ a ; ce on Ca Nia oy ri ae: te a te a fata ate) ms se i ay ar oniee 
A : F F ‘* a 5 ie hy i J 
: oT 5 F 4 ey 3 ath as uF au pie Peri Oo s ee mie ns Sen tack papi Shs RA tit torr 
F ! > ae Fr} , La ney a ae oe MAT, eee 7 fee 7 ain Pes af Oe ee ra 733 a ae ew nf apa ; rid CS era ae Lee Cane Sebo eke had 
7 ee) F Ue Miya Liane) EON BBs: 4, SE ial be peice nate hse tet a Sata Ane SCE: Berea Gee f anchors | eed ae Sires tf 
D u a a t - A phan F 
F a met ; PO Lara ai ei =f ss F ae “i Aas ie Aa’ Baris ns aie eo eattake cous Fr aa 7 Saath 
: , ’ F - a. | r (erie? 5 ae tT Fas ft. Sn Te ae a '¥ a hE Tee Ta a pe a pies 5 Scag ae ae i! K 
3 ' t . a Da , % 7 r rf a 5 = 
* ! ‘ a ; * ; Pe Reh ard ey A \ 3 a ere + OUR te hay a7 A Ses hee ry f Ea ak Prepon oe she epee “add Hh sede 
= rf ar] Ged Pikes | ay = oe a oh? ' e rd Pet Ty} 1 ral rot td bs te ‘ tee) ar 
ral S rf ge hee oh oad Ny Lee 2 ' o ry ae cP UJ 4 it BER Pre iy LS aed ate ort Bi) car 
, ne ' yea RRL Se us aati, ar he Peat oe rn Ms anes ee een Nr ct ephies Spisuieeb Roe Rates 
: ‘ 2 Hy > = i OP Pe ant, he iarh et mi weit PS Aten ie fareredt oes PSAs ern Cy Bie Poe pe St 3 
er “ " avy. 1 ty eee mice: eee ADS Ptr Te OSA attaS Hee aaeeate ae eaaey rahike! re eel Cpl tach oa) atin 
s 5% 4 i - ne a oe ae | isla ratte aT WR a) Wh tee Rah Aste } ashe Bint esti He oe acr Dare ata) ae naa: y Pee Peeeiai hie 
a eal ny OAR : SS Son a eer oS iia Na mata erent Di deter es eer rome anny 
rer ry a ys * + are as in Se A ai le Nor e ened a biel isct ef feats S alk a 
| ne on i Bee oriteutin nek nner aati naar Sos pies Satis aap ae 
p ‘ uJ ar Bethe! se PEF FOP 2487, & eae arate, Bas bs Ce el uae 
A i ry A r 5 Rieitnen Rpice ce Hes Paap fire F Bar stan : eave kh cppmcceoet: . A ph 
5 ou aut we PERIL SYR SE a nae eae ced nay ety oe ee: ee “re aye pr 
D 5 VAY ag. open ae de Werden Te) 2 by paneer Fs se ae rrr el : dest 
bate! aire) om Me tte ele isl eat .. al ioe omen Poa a he f ie eee eetececae 
. Praca hey = Serr serve tigng La 
, , . “a a ate Bee € PRES My at yi AER Spee te Pues os big cane Latest, Psi Aerie Soon ig Lagi | 
Y “e oF aS 8 ‘j HY itor re FY ee rip Re eae * vee Loa ee a Gad pecebac bor tt: 
; 5 vs ar aaa dsr abes Pore derenes as Beh re so f fire prea ead ete opera Y 
D . A 2 he ee ie eS ad se a it ee ies eee | oy Le sake vee Le sie “i | eae cf ehh 
nee ; Aten t me ie ca ee ihe fps ec APTS eg Ce ee st fei ccahte mA Geeeeieneettia es Ce 
1 Pes, pare wt ; a a hae ee Oe reer erg Wye pee aree eee K pee Pore 
4 : ae Gt ae he oa Sate] eg x ae Sadie, eat A ‘ 
i SM tC ae yd ie et eka Pity Peat ehh eee fen. 
Pras Ri cy nog wales i “pe 
3 : Deora ae babe AE ah Ur Sess tr Pot “amy iw esate 
Pi or Rast Ha ppd A Bp ache gees a a espe mats 
2 Bech Te aT Mn EU Ch leg hel Fick piesa ce) Sopris ee 
; is Pr) dh Raa c Ag ys WBE Se 1 7 segQus Say SWS bb gba weep #5 ila a pe 
A Ne i dsgeehes tt tds UBT yee Hee a sree Pie a peas Ob dhol 
7 ma. a aay Rie Mensa ene ae Beets ees SE IN od tl Fl pteleh es: peas 
i ue , ry print BAT aN EAH eee 35 oH mS Pe rit 4 2 ere Oe peg yo renas iat Sia - barcttccae 
UAL ' ’ 5 Pe } Le ghd | ee BLN mas @ iS 4 A a Cede a 
: hens Ri : ava fe eis eee on @ esa aoe oe oe ener eane Bane eras eas gags Ft as eine Perc sete * 
ee OOS REDE Nate a ER a At re Rare wea, ena ean naa ta aise: 
. * ry C ‘ D F v a P . a) ave ny Pt 
ie 1a brs be Fee WY ae i atmeneNicaert ee f Mi tet eit fale ey Terk: sh di rae erent Seis eg soe ape pete ee 
oe Th, pelts one oe Caen 4) pete ea Pietra eee pau tes Beat tehe ees Ee aetnsacttcites 
Peeeeriuin.” 8 ehh Wee eee hoe at ete) e, soe Whe, OE POH ng Hint aes fe ard Pers is Pies al af chat shad age 
mt at a ae riche 4 8 i Pose 7 pasts Mie ee eee eit ft Lepiatetian fr Ores etek a Lt 
f , PAyy 8% 4 he ate Le ea TE Fy 2 s A eats ema: eR A a es ive ra een eres ios ree 4 oh eye Leste 
, F 5 ae ee Ag YP 2, TR eke RT ek eae) Se yee BH ey amet 4 276 ery) ey lo pple al jo yk Po padi i a eG? sie Cag sO [spate 
P ; p ' ar | u ae hel eal a - i repeeee ce fe ml. Ora +4! M it ree oa aE ha ema, Pe as en ot et Aig. Ate ws po Peta as ages Settee p pealde Er Led ie pirated eta 
ss si , > ein AG bi | Un pe! Pei De eee ae Cee 7% : Lt at roe Ld Paar Ts ah rye eth a re Peed (to ees Wr Tiler iy: Pate fos 4 roe pias cee 
5 5 it Fe Pa ua wy bast ia neh ats. aoa me ia ni en beds Aen i Recarie ease Sal Mg} eres bates a Sotetate 
: ‘ tN oe ec - a" coco oe Pe tid ae ee ret yas al hi ere ee Hace, aeremay ey Pale a a ie $a Ae Sak ead ee) 
ri FE 5 “te gc deere J eA 2 Jah woos , . . et] ie rn PS ee Bin titre a Fae vr Bs nis ne 
oi ‘he ge eye ie / : Pie Serie Smee a i Pts pena ae A Raia Bae ae HON haste one ae se os pi gaged ea etatat oe ats 2 
? ; Fy ee , _ % ] ie Me FSS , ma hy at 4 TA i ee iam pty ee Pe can or mae Sine ee meet 91 nae es PR Ga OO ee De ue fo sa 
J 4 ; aE Te aye 3h Be en i apa ns eh RI Lat apr ds he ae: fag eit Vaudea ata SOPs As atalgt Se ak ae? CeEwites 
4 , u ne r i, ts yh ae a noe Nae e eb, eae Sah “e me oa as Rae Waa ete a cout Moment hie Meer gets tenn ve : 
ac if E Tt es 2) Me Mc ce we 4) Pe \ sh as : Be): To ee , - ae oe bie sacar rete Naltes ater att: aot ar 4 
Ge , i 5 g 2 A+ Pali re a", rd Md Py ra es ea ot . Bi A 
' , ae , i a he | ae ye ee) ie lead SA Peer wy rr tty et Lk el ok 
UJ H U 1 Pt ) FB a : , oo 6" ¢ PY oe ey yes PAA She ETA x 2 . eats od Pee ee: 
AP te te. . Pg Meath ge Ad os ae te ae pie ty Sera ae tt eee: evinces Re iat eae na A 
- , p 1s *% . RT a a Renee a) ih tareatet ea Et pag Riera cates pete gh oF pe eats Pad bid ek the 
| : rae a we Ah A ste ORE Riis teeta Sonat Batis career tenet paras eats 
r i oi i te rr BS Aire cv ee ad et be Pe , 7 
_ >. , ef Pee oe F RY F Pee As bs rr er Pi Libel foal faa dha gta 
ey cml Le ras ei ‘ ee TREE RRA aie creer OSE gy ea iene ae ae 
; iy yi ey Te OE ial oe od 461 te ph are ate re es) : fete? 4 
; bi oie ary 5.4 i - ak 4 erry ad ry a a Pe a hoe aS magne, a ht Tae piceae s ae oe eine aiid ease a ria et al Sidace pane 
c | Sy ee A a ry Pr be ee , YS . Vas tbe Ca ay ee oie a a ry bb ahd ry ete al 
ir 14 = Ye arr ton a erie mt OF Te eee kee or) iat ie beth wi wert be Lg : : 
ee ee ee oe -Ni Bat RAE Siecae oy RSENS ec ae Soe ie sty iets se papa ede CE Cee ae ae 
F y si an” PT are te Mt ee hs Weare el iy g oie Mate bai pics ee a esi « rey fe 
o , , 38 i Caan ah =o get eG FF Lh , pects hls dh ae Pte ri een es (eee ee ulsiene ci as pee SEEN Pa CoA ke paw! te rae 3 
-) * s Pad . Age E s : a Pee LA's Arad Tet eee tf oy ‘i Frid aft Babe 3p oe pier geht) ts in yt Speed ea 
y ce 7) ; bw sak ee Pr Soha hel ScayA old ert Bend thal, 
' Joy a Li EAM PLS Fe, ie bd ali a A 4 Se hae rp opAve | Ha x Pr? a 4 hae “ pant beats aie Bate eae mien 
; . es A ipl LO Mn ot J dae 2 a evs es ) ae ee * Set ’ Kay ’ Oe pe ide ay ae rar od eee 
Pe 2 he he ES ie tee Pee LA ee vi patie fe ba Fach ah nec es op pois At stirs 
Pie F i Lt aed . mG pM ge sd one aeS aie ait) oi HP Bp HAE Hip Mr Titers ups Ho be do Re alia ees Mr peel dl city At 
, f A hb presen ae r ate Pr yes $2 Pree aver ns mi tp Ste Eee Ap Clie CRO Pal Pitt Pryire Led 
oa > : Taro me eit) the ete eee eee id Phe wh 4 gee CER aes ae Pes A ph el 
ee i) 5 ee ea Cutie baat ai Rae At LET Wt nT To ke Soest 
- D "ia 4 Wage ee FHP or a ee | ibs “8 oy avn at Ha ce vs ere hae ie eRe eee Aide ee 
an} ft nee YY Pye ee he “ ery Fe Paisien Ct OS ta th es in Nok dA dire at ek? pera Boe re ny bi 
Dy Ls . le * Erp rae - re 2 Le es M eta PR an dep ey pi , hat it Ae 
ar ho ' ‘ : TL tae eed alee Ree ey: ae il Pet dk ira a as 
ry AD ‘ “= - ye) , ‘ F Le, % x ae AAD ; Cae sf I ei 3 hey t tes Dns Peat ta ie fs ay 4 
iH ef i ES * 
: _ ¥ a 4 ein” ye Ea Coches 1:3 ke ae a 
4 ‘ é Ce Ye | Jt, re AI aA y * SAR Fe el 
i : : é a | r “ be ; i ite at ? hrs vl Ht) Mast nae ah 
Pe) BS dA ico Bd 4 me 
{ wan ; a a j cohen a NAG Peg it rade 
ae Ra Reo yes ore = PA ae een teste RN eT e 
, -_ ms Pe ks Pe CCE Cb Ne EA 
o sa a 7 r (J Lenn net 7403 P <7 eae: reat ees Ea 
é F ee . & + Teed a LT Mla Pets 5} Presa Of ea en Hr 0% 
. = at , ee : + , re ds mer} os id Cy Gack Tag rs Ag ie pres Pannen ous 
pee DR PORCM RAPER titan nese Put nee CoM rt tt eS 
° et F : H . . t y aA : ; P ws / nM t+ a ata: eA aay Ary 2 it es ih me fear Kf aa 
s ! r po. a + ‘ # y + uF hg Me iad i a a 7 Ad 
F ; ae " Pen tee ea Onan one iy 
4 F et J ‘ p “~ "5 & Lehi Ot 
eh . ae Hi aA i 4 a RA a Se 
J i ‘ . ; ee i 1 i ' by 1 ¥ i oe ‘ I 
<— ri ug ‘ 7 i str ee 
| Ra OM es acl BE 
j ? ‘ ry o 
. 1 Se * pig oF 
n i) " 
Ly a 6 2 mn 1 , i fy 5 o ly f 
; 2 . t pide fiy os 5 
} i ana? Ta ley ga) uA Re 
e r arn Pal i aN 3 
, ’ ty he a eg i ». a ag pists) «og 
: 5 1 : "| é AR Br , ‘ ' Uh biog arf ja mp fae 
‘ce { rE rntlacen py? ; php Pexys jy 
; * , gf ekaina wy’. cf. oa ye ek Ms eh? 4 We 
4 a 3 a iidey ie » 
5 P ri F 
3 
° - 

















TOTAL QUALITY MANAGEMENT IN CONSTRUCTION 


BY 


CHARLES C. MILLER 


A REPORT PRESENTED TO THE GRADUATE COMMITTEE 
OF THE DEPARTMENT OF CIVIL ENGINEERING IN 
PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF MASTER OF ENGINEERING 


UNIVERSITY OF FLORIDA 


SUMMER 1993 





TOTAL QUALITY MANAGEMENT IN CONSTRUCTION 


BY 


CHARLES C. MILLER 


A REPORT PRESENTED TO THE GRADUATE COMMITTEE 
OF THE DEPARTMENT OF CIVIL ENGINEERING IN 
PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF MASTER OF ENGINEERING 


UNIVERSITY OF FLORIDA 


SUMMER 1993 





TABLE OF CONTENTS 


List of Figures 


Introduction 


Chapter 1 - Defining Total Quality Management 
Philosophy 
The Team Concept 


Quality Improvement Process 


Chapter 2 - Total Quality Management Principles 
Deming's Fourteen Points 
Diseases and Obstacles 


Quality Principles 

Chapter 3 - Total Quality Management Implementation 
Swality im Construct ion 

Quality Control Techniques 

Staeistical OWality Control 

Malcolm Baldrige National Quality Award 


Summary 


References 


a 


ae: 


20 


Ze 


40 
40 
69 


75 


gs 
ae 
de 
fe bE 


ee 


124 


134 





Figure 
Figure 
Figure 


Figure 


Figure 


Figure 
Figure 


Figure 


Figure 
Figure 
Figure 
Figure 
Figure 
Figure 
Figure 


Figure 


Figure 


Figure 


Figure 
Figure 
Figure 


Figure 


10 


dial 


2 


eS 


14 


is: 


iG 


Wy 


1G 


M2) 
20 
il, 


we. 


Bist OF PLGUKES 


The Deming chain reaction. 
Deming's view of production as a system. 
Mansir and Schacht's view of CIP elements. 


The Joiner triangle for successful 
organizations. 


The Parsons Quality Improvement Process 
organization. 


Parson's work process model. 
The Deming Cycle. 


Cenerkenbacnh  Swbmsecece” Gly COonEINUOCUS 
Improvement. 


Operationally define the opportunity. 
Operationally define the theory. 

Test the theory. 

Observe the results. 

Gerson ENesOODOrLuUnTt ty. 

Fear affects nine other points. 

i pucolepdehn OL tris tration. 


U.S. and Japanese approaches to work 
standards. 


Killing the messenger. 


Schematic plan of organization for quality 
ama DEOGdUCEIViIty. 


Mansir and Schacht's holistic CIP view. 
Project team organization. 
DUuorameordanizatlueontor CONnStmMiction. 
Basic elements of quality. 


ee 


die 


Ze. 


al 


Buh 
4’] 


48 


49 
0 
Su 
2. 
50 
56 
So 


60 


64 


68 


76 
BD 
90 


a9 





Figure 


Figure 
Figure 


Figure 


Begure 
Figure 
Figure 
Figure 


Figure 


Figure 


Figure 


ErGgure 


Ze) 


24 


Zo 


26 


2a 


28 


a) 


30 


LIST OF FIGURES 


Useful charts for presenting data and 
understanding processes. 


Cause-and-effect diagram. 
Cause-and-effect diagram for wobbling. 


Detailed flow chart of supplies receiving 
process. 


Fai@aire occurremce distribution. 
Pareto diagram for process defects. 


Run chart for documenting travel time. 


Various plot patterns in scatter diagrams. 


Cemerol chart tor test Cf unlvformity of 
wheels. 


Control charts for mean and standard 
deviat 1On. 


Risk and uncertainty in random sampling. 


Customer Interaction Venn Diagram. 


Ly 


102 


103 
Oe 


104 


oS 
EO, 
aE OEY 
108 


G2 


ae 


115 


118 





TOTAL QUALITY MANAGEMENT IN CONSTRUCTION 


The principles of Total Quality Management (TQM) 
provide a means for achieving quality in the construction 
process. The improvement of quality requires that every 
member of the organization embrace the principles of 
continuous improvement. Total Quality Management is a 
customer-oriented approach that stresses the effective use 
of people. Total Quality Management also emphasizes the 
application of quantitative methods and process improvement 
techniques to continually improve products and services. 

Total Quality Management requires a cultural change in 
the organization. The leadership and management of the 
Organization must demonstrate a sincere commitment to 
continuous improvement. They must foster a working 
environment which capitalizes on the creativity and 
ingenuity of employees. The TQM organization focuses on the 
needs and expectations of customers, both internal and 
external. Emphasis is placed on prevention of the causes of 
defects rather than the correction of defects. The 
Organization must foster a long-term relationship with 
suppliers based on mutual trust and respect. Total Quality 
Management encourages innovation and application of new 


technology and procedures to enhance quality improvement. 
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The process of continuous improvement applies to all aspects 
of the organization including administrative, engineering 
Bam oEBaoduction functions . 

Project teams are instrumental in the improvement of 
quality, productivity and processes. They focus on quality 
improvement of processes and problem solving, and instill 
Quality leadership principles throughout the organization. 
The training and education of employees is also a key factor 
to successful quality improvement. 

Quality in the construction process is based on several 
fundamental concepts. These concepts include the definition 
and assignment of responsibilities, the importance of 
teamwork, understanding requirements and expectations, and 
Permciples of good communication. As Western organizations 
place more emphasis on process control techniques, there is 
a trend toward statistical quality control in the 
SOMmserucelon industry. 

The implementation of Total Quality Management involves 
the application of the principles of continuous improvement. 
These principles include constancy of purpose, commitment to 
quality, customer focus and involvement, process 
orientation, continuous improvement, system-centered 
management, investment in knowledge, teamwork, conservation 
of human resources, total involvement and perpetual 


CommL tment: . 





The Malcolm Baldrige National Quality Award was 
established to promote quality awareness and to recognize 
the contributions of U.S. business to the nation's economic 
growth. The award recognizes continuous quality improvement 
EhGougn Statistical quality control, a prevention style of 
management and a systems approach for data collection and 
Customer feedback. 

Top management muSt spearhead the movement toward 
continuous improvement and actively participate in the TQM 
process. Former Vice President Dan Quayle said, "President 
Bush believes we must eStablish a firm commitment to Total 
Quality Management and the principle of continuous quality 
improvement .. . the taxpayers have every right to expect 
and demand high quality — and that is what we must deliver." 

All organizations muSt embrace the principles of Total 
Quality Management to survive in today's highly competitive 
environment. Through commitment to continuous quality 
improvement, designers, construction managers and 
constructors can design and build facilities that meet and 


exceed the expectations of customers. 





CHAPTER 1 
DEFINING TOTAL QUALITY MANAGEMENT 


PHELOSOPHY 


The new approach to management allows organizations to 
keep pace with rapidly changing conditions. Japanese 
companies have successfully applied Total Quality Management 
principles while American companies are only starting to put 
them into practice. 

The decline of American companies has been attributed 
to poor management practices and management seeking short- 
term profits and good performance.’ Dr. W. Edwards Deming 
argues that "a better way to serve stockholders would be to 
Stay in business with constant improvement of quality of 
product and service, thus to decrease costs, capture 
MaGkets, provide jobs and increase dividends. "7 

Deming Suggests that because a production system 1S 
stable, improvement of quality is the responsibility of 
mManagement.*° Management must also recognize the distinction 
between a stable and unstable system.“ A stable system is 

‘Mary Walton, The Deming Management Method (New York: 
tiewvuunan Pubivehing Group, 1986), p. x1. 

tid). 

‘W. Edwards Deming, Out of Crisis (Cambridge: 
Massachusetts Institute of Technology Center for Advanced 
HigGineeiming Sewdy, 1986), p. 1. 
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achieved "by removal, one by one, of special causes of 
rouble, best detected by statistical signal."° 

Deming questioned twenty-two production workers as to 
why productivity increases as quality improves. ‘The 
production workers attributed the increase in productivity 


toe less rework" and "not so much waste".° 


Deming states 
that "quality to the production worker means that his 
performance satisfies him, provides to him pride of 
workmanship."’ 

The improvement of quality reduces waste in terms of 
both man-hours and machine-time leading to production of 
better products and services.® This process results ina 


chain reaction of "lower costs, better competitive position, 


happier people on the job, jobs and more jobs."’ 
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Figure 1 The Deming chain reaction. 


Deming describes the awakening of Japanese management 
to the positive relationship between quality and 
productivity. In the late 1940s, Japanese engineers found 
that productivity does improve as variation is reduced.’ 
Figure 1 above shows the chain reaction that "became 
engraved in Japan as a way of life."'* Since Japanese 


management embraced this chain reaction in the early 1950s, 
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the Japanese have aggressively pursued the common goal of 
Mipmovying Quality. 

Deming views the concept of production as a system. 
The flow chart shown in figure 2 below illustrates how 
quality improvement touches every aspect of the production 
System from procurement of materials to the consumer or 
eictomer. - "ihis SyS@memsorientatiom of production is 
equally applicable to any manufacturing, service or 
construction organization. Note that Deming includes 
Sepeseruction im his list of service organizations.” 

Deming explains that it 1s necessary to establish with 
Suppliers "a long-term relationship of loyalty and trust to 


improve the quality of incoming materials and to decrease 
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Figure 2 Deming's view of production as a system. 


costs."** However, the most important part of the 
production system is the consumer or customer. Quality 
improvement should therefore be focused on customer 
requirements.*? Again, this philosophy is applicable not 
only to manufacturing and service industries but also the 


construction industry as well. 
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Deming asserts that quality is based upon the intent of 
management. Engineers and others translate this intent into 
munis Speeiticattons, tests) and production.~ Deming 
attributes the transformation of Japanese industry and their 
economic success to the above principles, the chain reaction 
shown in figure 1 and the production system flow chart shown 
ier igure 2.” 

Deming explains that management in Japan sought quality 
improvement with constancy of purpose and total commitment. 
Japanese engineers learned valuable statistical methods to 
identify the causes of variation. They also learned that 
continuous improvement of processes iS crucial to quality 
improvement.'5 

Deming contends that in most governmental services 
there is no market to capture.’ Rather than capturing the 
market, government agencies should deliver services required 
byelaweOb begqulatdon in am economical manner.-° Deming 
States that "continual improvement in government service 
would earn appreciation of the American public and would 


hold jobs in the service, and help industry to create more 


2 alaeiec 
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Hons sea lOong wleameconomic=delivery Of “Services, 
government agencies should strive to deliver services which 
meet the quality expectations of their customers. 

Deming Suggests that measures of productivity do not 
lead to improvement in productivity.’? He compares measures 
SumewOadUCLTIVIEY tO Statistics om accidents. The statistics 
"Cell you all about the number of accidents in the home, on 
the road and at the work place, but they do not tell you how 


te Nevertheless, 


to reduce the frequency of accidents. 
Meodictivity Studies can be useful “fo determine if 
activities are consistent with organizational goals and the 
Gost Gi activities .** 

The answer to the question of how to improve quality 
Miumoceqlctivity 15 mot “byseveryone doing their best." 
Everyone must have knowledge of how to achieve a "System of 
improvement" in addition to putting forth their best 
efforts.*° The system of improvement includes Deming's 


"Fourteen Points" and elimination of the "Seven Deadly 


Diseases and Obstacles" 
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Deming's Fourteen Points of management foster 
continuous improvement and a new attitude toward work. 
Brian E. Mansir and Nicholas R. Schacht portray Deming's 
management concepts in terms of a "Continuous Improvement 
Process" model. They describe the Continuous Improvement 
Process (CIP) as "a means by which an organization 
creates and sustains a culture of continuous improvement."*® 
They further describe the process: 

The organization deliberately seeks to create a 
positive and dynamic working environment, foster 
teamwork, apply quantitative methods and analytical 
techniques and tap the creativity and ingenuity of all 
its people. Collective effort is focused to better 
understand and meet internal and external customer 
Needs ance tO eontinueusly incmease Gustomer 
Satistaction. -° 

Mansir and Schacht claim that organizations employing the 
Continuous Improvement Process can significantly improve 
quality of their products and services, increase 
Peecductivity and reduce costs.” 

The Continuous Improvement Process involves the total 


organization in working toward improvement.** Top 


management must foster a "Cultural environment" which 


““Brian E. Mansir and Nicholas R. Schacht, An 


Introduction to the Continuous Improvement Process: 
Principles & Practices (Falls Church, Virginia: Educational 
services Institute, 1990), p. v. 
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encourages continuous improvement.°*’ Mansir and Schacht 
contend that "the process involves every member of the 
organization, applies to every activity and focuses on 
creating and managing change to assure success and 
Survival."?? 

Top management directs the improvement process by 
Creating an environment which inspires creativity, pride, 
teamwork and knowledge enrichment.** Management must 
establish a unified effort toward quality improvement at 
every level in the organization. The improvement process 1s 
directed toward achievement of organizational goals by 
continuous improvement of performance in areas such as 
quality, cost, schedule, manpower development, new product 
development and most importantly customer satisfaction.” 

Mansir and Schacht describe a hierarchical relationship 
between the key elements of the Continuous Improvement 
Process. Figure 3 depicts the interrelationships among the 
CIP elements.* The organization's philosophy is comprised 
of its purpose, vision and theory.°*’ Next, management 


principles include basic concepts, rules and assumptions 
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Figure 3 Mansir and Schacht's view of CIP elements. 


which are the foundation for continuous improvement 
practices.*? The organization's practices are behavior and 
actions based on established continuous improvement 
principles.?? Lastly, techniques and tools are the methods 


and procedures used for attainment of CIP goals.* 
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Mansir and Schacht define an organization's philosophy 
as "its shared system of values, motivating principles and 
Seneecpes.! ~ sy AscoMmpeLiLive Organization today consistently 
evaluates its philosophy to ensure that it advances the 
principles of continuous improvement and customer 
Satisfaction.*” Mansir and Schacht describe five components 
of an organization's philosophy. First, the organization's 
philosophy is based on an underlying theory "that defines 
the need for collective action."*? Second, the 
organization's members must share a common purpose. Third, 
PhemeotmgamlZations philosophy contains "a@ vision that 
focuses their actions on a desired transformation. "** 

Fourth, the organization prescribes a set of values which 
provides the groundwork for acceptable behavior. Lastly, an 
Organization eStablishes policies which outline the basic 
principles and requirements of the organization's 
philosophy. 

The philosophy of the CIP organization is based on some 
underlying theory which "crystallizes the need for 
improvement."*° Mansir and Schacht suggest that survival of 


the organization is the basis for many underlying 


“Mietd., Pp. 2-1. 

“eC . 

Wom el 

“Mend. , pp. 2-1 - 2-2. 
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Pacontcc. Spee memealily, —-hey propose abasic theory that 
may be applicable to many organizations whether they are a 
commercial business such as a construction company, a 
defense industry or a Government organization: 
"Organizations that understand the needs of their customers 
and that continuously improve their processes, products and 
services accordingly will survive, and the others will cease 
to be relevant."*’ 

The CIP organization must establish a clear statement 
of purpose to unite and focus each of its members. This 
explanation of purpose iS equally important for both public 
and private sector organizations.*® Deming's first of his 
Fourteen Points states, "Create constancy of purpose toward 
improvement of product and service, with the aim to become 
competitive and to stay in business and to provide jobs."”’ 
Mansir and Schacht provide an example of a statement of 
purpose: 

Our purpose is to ensure long-term security for 
each stakeholder through continuously improving 
customer satisfaction and competitive position, 
increasing market share, employment opportunities and 


job security and providing a competitive return on 
lence semmlalmicstments .” 
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The organization's philosophy contains a shared vision 
which guides the thinking and actions of its members.” The 
Organization's vision formulates "a desired future state" 
encase seflects an ideal".°* For instance, the Harris 
Government Systems Sector (GSS) vision states: 

We want GSS to be the premier supplier, i.e., the 

Supplier of choice in competitive procurement in each 

of our market areas as visualized by our customers, our 

employees and the corporation. This reflects our image 
as well as the quality of our offering and product.” 

The organization's values comprise not only legal 
Peanciples but also ethical considerations as well.** These 
priorities are communicated through clear statements and 
management actions.’ They set the stage for how the 


organization functions and the behavioral expectations of 


its members. 
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The policies of the organization should reflect the 
Pimadamental princioles of 1ts philosophy and the concept of 
continuous improvement. ° For example, the Ralph M. Parsons 
Company quality policy reads: 

We are committed to performing quality work for 
our clients. We will do this as a company and as 
individuals by completely understanding the 
requirements we have to meet and by meeting these 
BeogMiinenentomtie first elmer: 

Mansir and Schacht suggest that a separate policy 
Statement should review the process of continuous 
improvement.’® They provide an example of a policy 
Statement by Harris Government Systems Sector (GSS) which 
States, "It is the policy of GSS to continuously improve 
performance in every area of our business. Continuous 
improvement shall be a vital part of our strategic 
planning.” . sill 

The Department of the Navy renamed Total Quality 
Management to reflect the Navy's traditional emphasis on 


leadership. The new name for the Navy's approach is Total 


Quality Leadership (TQL). The Chief of Naval Operations, 


Sto den 274 


°*'The Ralph M. Parsons Company, "Quality Improvement 
Fundamentals," May 1991. 


*"Mansir and Schacht, p. 2-7. 
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Admiral Frank B. Kelso II, emphasizes Total Quality 
Leadership aS indicated in this policy statement he sent 
Navy -wide: 


The Chief of Naval Operations Executive Steering 
Committee has developed a statement of mission, vision 
and guiding principles for U.S. naval forces, to be 
used in implementing Total Quality Leadership Navy- 
wide. The statement reads: 

The Navy-Marine Corps team is the world-recognized 
premier naval and expeditionary force, fully capable of 
SCOnaqucning Oper@delons 1m SUppOre Of U.S. national 
objectives in an unpredictable global economic and 
political environment. 

Our mission iS to provide combat ready forces to 
Support the requirements of the unified commanders so 
our nation can deter aggression, encourage political 
Stability, provide forward presence, establish sea 
control and project power from the sea against any 
threat and win. 

Our vision iS a naval force that has the full 
Support of the American people and advances the bounds 
of personal excellence, dedication and integrity; 
technology; joint expeditionary and combined 
Operations; combat tactics and doctrine; maintenance, 
logistic support and staying power; and quality of life 
for our people. 


We will be guided by the following principles: 

- Value tradition but encourage and embrace 
innovation. 

- Include education and training as an integral 
part of our mission. 

- Safeguard people, resources and the environment. 


We will: 

- Accomplish our mission through teamwork. 

- Train and equip our forces to operate with the 
Army, Air Force, Coast Guard, our friends and 
allies. 

- Provide a clear and accurate portrayal of our 
Capabilities and operations for all. 

- Make decisions in the best interests of our 
mission, putting aside parochialism and old 
habits. 

- Promote the dignity of our people and their 
families. 

- Provide top notch service to all. 
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We are committed to: 
- Honesty, integrity and the highest standards of 


Mera keamdsethilecal GCOnduct .- 
wEddale@eppenkunity £or all. 
- Open and effective communications. 
- Quality and continuous improvement. 
- Decisions based upon data and knowledge. 
- Being good stewards of the taxpayers' resources. 
- Maintaining the chain of command. 
As we progress toward full implementation of TQL, 

Che Mission, vision and guiding principles will ensure 

we are all working toward a common purpose.” 

Rear Admiral Jack E. Buffington, Commander, Naval 
Facilities Engineering Command promotes quality Support to 
the Navy. Admiral Buffington asserts, "We are committed to 
Total Quality Leadership and will continue to phase it into 
how we conduct our business."°' Advocating quality support 
through people, he says, "We have placed people wno Know the 
business best closer to the customer, and we have delegated 


more decision making to them."* 


“Admiral Frank B. Kelso II, "CNO Stresses TQL," Navy 
Civil Engineer, Fall 1991/Winter 1992, p. 27. 


*'Rear Admiral Jack E. Buffington, "Quality Support to 
a Changing Navy," The Military Engineer, March-April 1993, 
D. 29% 
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THE TEAM CONCEPT 


Peter R. Scholtes advocates the use of project teams to 
improve quality, productivity and processes.°? Underpinning 
Scholtes' approach to project management are three 
elements.®* First, the approach highlights the quality 
improvement principles taught by Dr. W. Edwards Deming. 
Second, data-based methods drawn from statistics and 
Hellassical logic" aré used in the approach.’ Scholtes 
refers to the application of data as the "Scientific 


approach" .°° 


Third, guidelines are provided for building 
and maintaining groups, planning and managing projects and 
conducting productive meetings. 

Scholtes discusses the new approach to management 
referred to as "Quality Leadership".*’ This approach 
emphasizes quality improvement rather than short-term 
profits. Organizations are more effectively meeting the 


needs of customers by "learning how to monitor, control and 


constantly improve production systems."°? Scholtes contends 


S3pater R. Scholtes, The Team Handbook: How to Use 
Teams to Improve Quality (Madison, Wisconsin: Joiner 
Associaitesy Inc.7 1988), p. I-1. 
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that decision making in Quality Leadership organizations is 
based on the application of data rather than speculation. 
The aim of the organization "is on improving how work gets 
done (the methods) instead of simply what is done (the 
results) ."°’ 

Scholtes suggests that a Quality Leadership approach 
restructures the relationships between employees and 
Hamagement. The role of the manager is to assist the 
employees in doing the "best job possible", anticipating and 
removing barriers that deter employees from producing 
quality work.’' Employees contribute the knowledge gained 
Sieene Job tO improve processes. ’* 

Scholtes and Joiner Associates use the triangle shown 
immnigure 4 te represent Deming’s theories.’? Each corner 
of the triangle represents an essential ingredient found in 
a successful organization.’* The first corner represents 
the quality expectations of the customer, the focus of the 
Organization. The second corner depicts the data-based or 
SelLentcirie adppLoach fOr COnEIMNUOCUS Improvement of processes. 


The third corner portrays the members of the organization 
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enter ey 


scientific All One 
Approach Team 


Figure 4 The Joiner triangle for successful 
organizations. 


"working together as ‘all one team'" in learning about 
quality improvement principles.’ Scholtes compares the 
triangle to a three-legged stool.’® Together, the elements 
form a stable system. But when the organization is lacking 
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Scholtes says the transformation to Quality Leadership 
is a demanding task that requires the dedication and 
commitment of top management and others in the 
Suganization. ° He points Gut that project teams are just 
one component in the Quality Leadership process.” 
Furthermore, important to understanding project teams is an 
understanding of the shortcomings of other management 
techniques. 

A common management practice in the United States 1s 
Called Management by Objectives or Management by Results. 
This technique features the traditional chain of command 
approach. Performance objectives in the form of numerical 
goals or quotas are established at the top of the 
Smganization and then filtered down through a chain of 
accountability. Scholtes maintains that the shortcomings of 
the Management by Results approach originate from the 
reliance on numerical goals.°° Management by Results places 
insufficient emphasis on processes and systems, "the real 
Capabilities of the organization as a whole."*' Scholtes 
Suggests that workers, supervisors and managers alike are 


guided by the arbitrary numerical goals, and consequently, 
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may lose sight of the overall purpose and vision of their 
Smganization. * 

Scholtes attributes several problems to the use of 
numerical goals in judging and directing performance.’ 
First, short-term thinking results from a system of 
numerical objectives and quotas. Short-term efforts are 
foremost when survival of the organization depends on 
attainment of long-term objectives. Second, reliance on 
numerical goals leads to a misguided focus. Achievement of 
numerical goals does little to expand the capability of the 
system. Only improvement of the system can expand 
Capability. Third, an environment of numerical objectives 
provokes internal conflict. The standards applicable to one 
part of the organization may not conform with the standards 
Of another part. The resulting conflicts may lead toa 
breakdown of teamwork and coheSiveness. Fourth, the 
numerical goals may be unreachable and beyond the capability 
of the system. The employees "are forced by the system to 
fudge figures, alter records or just 'play the game' — to 
work around the system instead of improving it."** Scholtes 
Suggests that the worst shortcoming of Management by Results 
1s greater fear. The employees are fearful "of what will 


happen if orders are not followed exactly, of not getting a 


abd. 
pad .-; Dp. iS > less 
Eoijnd. , Dus the 


24 





Eo scmo Gua oTOMOhlemmen berngqeoutsof favenu or losing a 
job."*" Lastly, Management by Results fosters a "blindness 
to customer concerns".*® Success is measured in terms of 
meeting a numerical goal rather than providing quality 
products or services and satisfying the customer.®’ 

Project teams are an important component in the Quality 
Leadership process. Scholtes states that project teams are 
an integral part of a "company-wide transformation 
Betabwegy.s ©§ The role ’or teams includes the identification 
of key processes or areas needing improvement. Managers 
take part in guidance teams that supervise project teams 
which are responsible for finding problem solutions.” 

Project teams not only focus on quality improvement of 
processes but also instill the principles of Quality 
Leadership throughout the organization.*® Scholtes mentions 
Soveralslessons provided by an Organization's project 
teams.°* Members of a project team learn how to work 
together as a team and they learn how to use scientific 


methods to improve processes. Team leaders learn techniques 
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for planning and managing projects and designing and 
conducting meetings. Managers in charge of guidance teams 
also learn about scientific techniques and they learn how to 
guide a team's progress. 

Projects allow empowerment of employees at lower levels 
in the organization because decision-making is shifted 
downward. Team members learn that quality improvement is 
hard work and "managers learn they need to be patient."” 

Scholtes states that project teams aid in the 
development of internal experts trained in quality 
improvement techniques.’? Initial projects enable these 
technical experts to enhance their proficiency in training 
and instruction. Project teams also improve quality 


improvement efforts by making presentations and by involving 


others in the process. 
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QUALITY IMPROVEMENT PROCESS 


The Ralph M. Parsons Company is an example of a deSsign- 
Construction firm dedicated to continuous quality 
improvement. Their quality policy clearly states that they 
are committed to performing quality work for their clients. 
The company describes their quality improvement initiatives 
as the Parsons Quality Improvement Process (QIP).** The 
process begins with the commitment and involvement of top 
management.’ It enables employees to fully understand the 
performance requirements expected of them. The process 
improves efficiency and eliminates waste by promoting 
teamwork and improving problem solving capabilities.” 

The Parsons QIP is based on the quality management 
S®encepts@taught by Philip Crosby, Dr. W. Edwards Deming and 
Dr. J. M. Juran.’’ Parsons has applied these quality 
management principles to their specific type of work in 
development of the Parsons QIP. Parsons contends that these 
principles "have been developed into a systematic and 


Bedetical approach £Or improving quality."’° 
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The groundwork for the Parsons Quality Improvement 
Process is four quality improvement fundamentals called "the 
absolutes of quality".’’ These fundamentals are presented 
aS answers to questions: 

- What iS quality? Conformance to Requirements 

- How do we achieve it? Prevention 

- What iS our performance standard? Zero Defects 

- How can we measure quality? Cost of Doing Things 

Wrong 

Parsons defines quality as conformance to 
requirements.'°' Quality work is produced when there is an 
understanding of the requirements and when the firm meets 
those requirements.’ Quality is achieved by systematic 
prevention of errors. Parsons claims that "keeping errors 
from happening iS more cost-effective than fixing them after 


Eiey oceurred. "*? 


Parsons' performance Standard is zero 
defects. Zero defects implies 100 percent conformance to 
the requirements. °° Each employee must embrace the concept 


that technical, schedule or budget nonconformance is not 
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HeeepEable.  Wsearscmamemeasunement Of quality is the price 


feeaoeEhe Gost of 


SieneneentOrmanece Or the cost of rework.’ 
rework decreases, the quality of the work improves.’ 

The Parsons Quality Improvement Process uses quality 
improvement tools or methods based on the premise that 
"all work is a process."'? The firm creates a work process 
model to assist in problem solving. The model aids in 
Pmeneliving Specific input, GutputE and production 
requirements necessary to produce desired results.'” 

Parsons outlines seven elements that comprise their 
quality improvement program.''® The first four elements 
constitute the fundamental structure of the QIP. These 
elements are organization, education, awareness and 
recognition. The remaining elements allow each Parsons 
employee to set in motion the principles of quality 


improvement. They are defining requirements, measurement 


pice Orhmective action. 
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Parsons maintains that the QIP began with the 
commitment of the company president and that commitment to 
the process has migrated to every part of the 
organization.'*' Conversely, each employee has the 
Opportunity to initiate personal and companywide actions to 
improve quality and eliminate problems.’ 

Emphasizing the team approach, Parsons established a 
QIP organization based on quality management functions for 
the company, divisions, departments, projects and groups.’” 
Figure 5 portrays the Parsons Quality Improvement Process 
Srganization,'** 

The Quality Improvement Steering Committee oversees the 
Quality Improvement Team (QIT). The steering committee 
provides the support and resources necessary for 
implementation of the QIP.’’° The steering committee 


demonstrates the solid commitment to quality improvement 
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Figure 5 The Parsons Quality Improvement Process 


by top management.” 


Opdall zation. 


6 The president of the company is the 


chairman of the steering committee. 


The Quality Improvement Team provides "working-level" 


implementation of the seven element quality process, 
advancing the vision and principles of the steering 


committee.'!’ Parsons asserts that "the successful 
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implementation of the QIP requires a total company 
understanding, acceptance and participation."*'* 

The Quality Improvement Team reviews companywide 
Corrective Action Requests (CARs) from departments or 
divisions within the firm. The QIT assigns Corrective 
Action Teams (CATs) to identify and recommend solutions to 
problems. CATS normally evaluate only interdivision or 
iitemdeparkment Drobikem areas. 

Division or Department Quality Committees (DQCs) 
implement the seven QIP elements within their division or 
department. These committees are directed by the division 
Or department manager and other key personnel within the 
division or department participate. The DQCsS administer the 
quality process by:??° 

- Organizing the DQC per QIP guidelines. 

- Promoting the QIP programs for training, awareness 
and recognition. 

- Creating division or department procedures for key 
work activities. 


- Measuring and analyzing performance of Key work 


activities. 
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- Taking corrective action and, if needed, assigning 
CATS to make recommendations for improvement of key 
functional areas. 

Project managers in the firm place as much emphasis on 
quality improvement as they do on the cost and schedule 
aspects of a project.*** Division managers may establish 
Project Quality Committees (PQCs) for certain projects to 
focus on quality issues. The POC is comprised of 
representatives from each functional area assigned to the 
project such as engineering, procurement and supervision. 

Project managers conduct routine quality improvement 
meetings. USing a team-building approach, these meetings 
Hocis ene guality-related items" including: *~~ 

- Definition and communication of the scope of work at 
every level on the project. 

- Effective use of standard company procedures. 

- Improving the relationship with customers and 
Suppliers. 

- Measuring and analyzing performance. 

- Effectiveness of the corrective action process. 

- Effectiveness of division, department and Corrective 


Action Team support for the project. 
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Parsons advises that "discussions regarding existing 
problems focus on finding ways of improving methods for 
producing work that conforms to requirements — not on 
assigning blame."'?? Employees are encouraged to provide 
SsulgQgestions for preventing problems.’ The objective of 
"error-free work" is emphasized during these productive QIP 
meetings .1-° 

Parsons promotes the attitude of "Quality Improvement 
Through Teamwork".'#® But the detailed application of QIP 
concepts in the work place is a difficult task.**’ Parsons 
claims that: 

the PQCS provide the "workshop" or clearinghouse 
fOr the project's team members so that specific 
problems are addressed and ways are developed to apply 
the QIP principles, concepts and working tools to the 

individual's work processes. ’7? 

Parsons considers employee education as a critical 
element in the implementation of the QIP. The firm conducts 
"Quality Improvement Fundamentals" classes and seminars to 


provide each employee with the necessary quality improvement 


Eechniques. !?? 
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Parsons defines awareness as "the recognition of 
multiple forms of communication presented in an open, 
Semstant Manner to describe all aspects of the QIP."’* 
Parsons communicates quality awareness through the company 
Magazine, posters and articles in the "Parsons 
Perspective".'*! The objectives of Parsons awareness efforts 
ime lude : 1? 

- Confirm the commitment of top management to the QIP. 

- Keep all employees informed of successful QIP 
efforts. 

- Provide straightforward information about the QIP to 
prevent any misunderstandings. 

- Provide additional education opportunities. 

- ASSist management in recognition of employee efforts. 

Parsons considers the special recognition of employee 
contributions as an important part of the quality process. 
The firm established a companywide recognition program to 
reward quality improvement achievements. Individuals or 
groups that improve the overall level of quality are given 


recognition awards.?”? 
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Parsons defines a process as "an orderly series of 
actions or steps that achieve a result such as producing a 
product for our customer."’** The progress of work depends 
on a Clear definition of the requirements, “expressing the 
customer's or supplier's needs and expectations for each 


wi-> Parsons suggests that sound business 


work step. 
relationships based on mutual respect and trust result when 
all the participants in a project attempt to understand the 
requirements of others.’**= Additionally, good relationships 
are developed through open communication. Quality 
improvement is enhanced because ". . . honest and open 
communication encourages the clarification of either the 
input or the output requirements for the work processes."?’’ 
Quality is achieved through conformance to defined 


5 However, tolerances are allowed for the 


mequilrements. 
output of a work process.’*? For example, Parsons prepares 
construction cost estimates that vary from -5 percent to +30 


percent for a conceptual construction estimate and +5 


percent for a definitive construction estimate.'}*° 
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Parsons contends that working with customers in 
identifying requirements assists in minimizing changes.‘ 
For instance, changes are minimized by helping the customer 
determine the amount of detail needed on engineering 
drawings and specifications. 

After defining the output requirements, the next step 


2 


is to define a specific process scope.*** Input and supplier 


information are considered when defining the process scope. 
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Figure 6 Parsons' work process model. 
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Parsons uses a work process model to aid in identification 
of all input and output requirements. Figure 6 shows the 
work process model used at Parsons.*** The model is a 
"conceptual tool" that enables application of the QIP 
elements to a project.‘ 

The Parsons QIP uses measurement as a tool for process 
improvement. A specific process baseline is determined for 
analysis. Information suitable for measurement includes 
Such items as time, the number of steps, redundant events, 
delays and errors.**? The collection and analysis of data 
and the communication of measurement results are important 
for successful process improvement. 

Corrective action involves the analysis and elimination 
of problems.**® Problems or "“nonconformances" are identified 
by measurement.**’ Wrong dimensions on a drawing, 
information missing from the specification or untimely 
reports for the customer are examples of nonconformances.?* 
Parsons discusses a logical sequence of events for 
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eliminating nonconformances.**’® First, the problem is 
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defined and a plan for the solution is formulated. Second, 
a temporary “quick fix" allows the firm to stay in business. 
The quick fix does not provide a permanent solution, but 
only minimizes the immediate effects of the problem.’°° The 
third step is identification of the root causes. The root 
causes are then eliminated by taking corrective action. 
Next, the process is evaluated to determine if the change 
solved the problem. A "follow up" is conducted to prevent 
recurrence of the problem and to identify any side 


erect s.:°° 
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CHAPTER 2 
TOTAL QUALITY MANAGEMENT PRINCIPLES 


DEMING'S FOURTEEN POINTS 


Deming argues that the "Western style of management 
must change to halt the decline of Western industry, and to 
turn it upward."*' The system of improvement or 
transformation is accomplished through the application of 
Deming's Fourteen Points and elimination of the Seven Deadly 
Diseases and Obstacles. 

The Fourteen Points are applicable to any type of 
Organization including a government agency, a manufacturing 
company Or a construction company. By adopting the 
following Fourteen Points, management sends a positive 
Signal of continuous improvement to employees, investors and 
customers alike:}”* 

dle Create constancy of purpose toward 
improvement of product and service, with the aim to 
become competitive and to stay in business and to 
provide jobs. 

Die Adopt the new philosophy. We are in a new 
economic age. Western management must awaken to the 
challenge, must learn their responsibilities and take 
on leadership for change. 

2 Cease dependence on inspection to achieve 
quality. Eliminate the need for inspection on a mass 


Paco ysemilcdiag a@udiiky Inte thle product in the first 
place. 
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a7 End the practice of awarding business on the 
Basis) of price tag. Instead, minimize total cost. 
Move toward a single supplier for any one item, ona 
long-term relationship of loyalty and trust. 

Die Improve constantly and forever the system of 
production and service, to improve quality and 
productivity and thus constantly decrease costs. 


Gr Institmie training on the job. 

Ls Institute leadership. The aim of supervision 
Should be to help people and machines and gadgets to do 
a better job. Supervision of management is in need of 
Overhaul, as well as supervision of production workers. 

8. Drive out fear, so that everyone may work 
effectively for the company. 

9. Break down barriers between departments. 


People in research, design, sales and production must 
work aS a team, to foresee problems of production and 
in use that may be encountered with the product or 
service. 

10. Eliminate slogans, exhortations and targets 
for the work force asking for zero defects and new 
levels of productivity. 

lla. Eliminate work standards (quotas) on the 
factory floor. Substitute leadership. 

b. Eliminate management by objective. Eliminate 
management by numbers, numerical goals. Substitute 
leadership. 

12a. Remove barriers that rob the hourly worker of 
his right to pride of workmanship. The responsibility 
of supervisors must be changed from sheer numbers to 
quality. 

b. Remove barriers that rob people in management 
and in engineering of their right to pride of 
workmanship. This means, inter alia, abolishment of 
the annual or merit rating and of management by 
objective. 

13. Institute a vigorous program of education and 
self-improvement. 

14. Put everyone in the company to work to 
accomplish the transformation. The transformation is 
everybody's job. 


Point 1: Create contancy of purpose toward improvement 
of product and service, with the aim to become competitive 
and to stay in business and to provide jobs. 

William W. Scherkenbach suggests that the constancy of 


purpose advocated by Deming is based on a "Customer-driven, 
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team-fueled and even-keel approach to business."’”’ The 
Challenge for top management is to operationally define 
customer requirements to remain competitive in today's 
international marketplace.’** The constancy of purpose 
necessary to meet the expectations of customers is 
established by making policy and by long-range planning.’ 
Rather than focusing on short-term results, the 
organization should strive to stay in business and provide 
jobs through innovation, research and education, continuous 


improvement of product and service and maintenance of 


6 


equipment and fixtures.’** Mary Walton advises that plans to 


Stay in business should answer the following questions:’”’ 


- What materials will be required, at what cost? 

- What will be the method of production? 

- What new people will have to be hired? 

- What changes in equipment will be required? 

- What new skills will be required, and for how many 
people? 

- How will current employees be trained in these new 
skills? How will supervisors be trained? 

- What will be the cost of production? 

- What will be the cost of marketing? What will be the 
costs and methods of service? 

- How will the product or service be used by the 
customers? 

- How will the company know if the customer is 
Satisfied? 


"William W. Scherkenbach, The Deming Route to Qualit 
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Deming states that innovation is achieved only when 
"there 1s faith that there will be a future" and when top 
management exhibits "unshakable commitment to quality and 
productivity."'** Innovation also depends on the appropriate 
investment in research and suitable education for employees. 

Successful organizations must constantly improve 
products and services. Deming cautions that producing the 
wrong product or offering the wrong service may force an 
Organization out of business even if the employees are 
faithfully working towards improving efficiency.’” 
Furthermore, the investment in the maintenance of equipment, 
furniture and fixtures and in new aids to production is 
essential for product improvement.?® 

Point 2: Adopt the new philosophy. We are in a new 
economic age. Western management must awaken to the 
challenge, must learn their responsibilities and take on 
leadership for change. 

Acceptance of the new philosophy is essential to 
remain competitive in the new economic age. Walton contends 
"quality must become the new religion."’®' We must end the 


practice of accepting mistakes, defects, unsuitable 


materials and inadequate training.‘ 
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Scherkenbach discusses why there has not been 
widespread acceptance of Deming's philosophy in the nited 
States. Scherkenbach says that the new philosophy 
represents a major change, a "revolution", and that most 


54 


people exhibit a natural resistance to major change.'®’ He 
Cites other quality experts who call for "evolution" and 
advocates a less drastic change in management philosophy. °**’ 
But to stay competitive and successfully meet the demands of 
customers, management in America must recognize the need for 
major change, a quality revolution. 

Point 3: Cease dependence on inspection to achieve 
quality. Eliminate the need for inspection on a mass basis 
by building quality into the product in the first place. 

Deming suggests that "100 percent inspection to improve 
Quality is equivalent to planning for defects, 
acknowledgement that the process has not the capability 


ie SOualivey 1s acnleved 


required for the specifications. 
through improvement of the production process rather than 
Bimomeh Inspection Or detection Of defects.‘ 

A system of mass inspection involves identifying 


defects in the product, followed by scrapping or rework.'®’ 


The scrap and rework in turn increases costs. Deming 
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recommends that inspection is best accomplished "at the 
mihi pomnt: for minimum total cost."'* = Statistical control 
is achieved through the inspection of smali samples of 


ee Demuenct 


Pueduct) tormeuse in preeess control charts.” 
compares the old and new way of doing business: "The old 
way: Inspect bad quality out. The new way: Build good 
auelaty in."*"* 

Point 4: End the practice of awarding business on the 
basis of price tag. Instead, minimize total cost. Move 
toward a single supplier for any one item, on a long-term 
relationship of loyalty and trust. 

Deming advocates a long-term relationship with 
suppliers for reducing costs.’’! Long-term relationships 
foster an environment where suppliers invest in continuous 
improvement unlike short-term ventures. Yet, finding a 
Single supplier that consistently meets all requirements and 
demonstrates constant improvement is a difficult task.'” 

Deming stresses that "price has no meaning without a 


measure Of quality being purchased."’’? Awarding business to 


the low bidder ultimately results in low quality and higher 
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Deming argues that "American industry and the U.S. 
government, Civil and military, are being rooked by rules 
that award business to the lowest bidder."'” 

The basis for choosing suppliers should be not only on 
the cost of products and services but also on the quality of 
those products and services.’’® Scherkenbach advises that 
Suppliers need to exhibit continual use of statistical 
control procedures, while buyers should have the appropriate 
knowledge to effectively interpret the statistical 
Poeormation provided by the suppliers.’”’ 

Point 5: Improve constantly and forever the system of 
production and service, to improve quality and 
productivity and thus constantly decrease costs. 

Deming says ". . . that quality must be built in at the 
design stage" and teamwork at this stage is key to the 
process of continuous improvement.’’® Test methods are 
Subject to constant improvement and each team member should 
Strive for a better understanding of the needs and 
SXDeCCEatIONS Ommemsctomers. '’ 


Every member of the organization must embrace constant 


improvement. Every activity participates in the process, 
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Figure 7 The Deming Cycle. 


including not only manufacturing or service activities but 

also purchasing, transportation, engineering, 

maintenance, sales, personnel, training and accounting.’ 
Figure 7 shows the Deming Cycle, "a procedure for the 

improvement of analytical problems or opportunities.**' The 

procedure consists of four steps. Scherkenbach links the 


Process of Continuous Improvement shown in figure 8 to the 
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Figure 8 Scherkenbach's Process of Continuous 
Improvement. 


weming Cycle. 


He emphasizes that the process "spirals 
toward a customer target."’® 

Step 1: Recognize the opportunity. Scherkenbach 
Suggests that we operationally define the opportunity by 
gaining a better understanding of customer requirements.*” 
The opportunity for improvement shown in figure 9 is 


represented by the distance between the feedback specified 


by the customer in the customer feedback loop and the 


P cehcukeubachup. 35. 
7° oe. 
|e, pp. 26-37. 


48 





/ \ 


| Customer 
ee ney =n teedback ays 
\ 
a 
Process 
aS feedback -!)~C« | 
ae —_- 









' rN | 
ay > asia a 

















! Peopfe | Deming Cycle Peaple Deming Cycle People 

| Matg@rial | Step | Material | Step | Material 

: Piipacns Step 2 Equipment 1 Step 2 Equipment 

| epive i Step 3 Method Step 3 Method 

| Environment | Step 4 Environment Step 4 Environment 

i wi | y a SLR ! 
¥ 





| 
| 


| 
| Opportunity nity | 


Figure 9 Operationally define the opportunity. 


process performance specified by the process feedback 
loop.'*? As the two feedback loops approach each other, the 
opportunity to improve decreases while the capability of the 
process increases.’®* The variability of the process also 
decreases making "it possible to have higher quality at 
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Figure 10 Operationally define the theory. 


After operationally defining the opportunity, the 
theory "on how to realize the opportunity" is operationally 
defined.'8* Figure 10 illustrates the theory which "could 
Start with a hunch or it could be as certain as a law of 


Nature or physics."!*? The theory is accompanied by a plan 
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Figure 11 Test the theory. 


for testing to make “rational predictions" of the process 
performance.'° 

Step 2: Test the theory. Scherkenbach recommends that 
testing should be conducted internally in a production 
environment or laboratory and externally on a small scale 


with customer participation.*’? This participation increases 
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Figure 12 Observe the results. 


customer satisfaction and fosters a better understanding of 
customer requirements.’ Step 2 is portrayed in 
imieume ill. *-- 

Step 3: Observe the results. Analysis of results is 
best accomplished through statistical methods.’** But 


Scherkenbach advises that both quantitative and qualitative 
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BPagure 13 Act on the opportunity. 


observation facilitates prediction of "tomorrow's 

results".*°? Figure 12 shows step 3 in the Deming Cycle.’ 
Step 4: Act on the opportunity. The final step shown 

in figure 13 is to act on the results of the testing. The 


predictions made in step 1 are revised based on the 


* Wayahel: 
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results.’?’ The cycle is continually repeated to further 
improve the process and reduce variability. 

Deming says that "putting out fires is not 
improvement."'? He contends that finding and removing the 
cause of a problem does not improve the process but brings 
it "back to where it was in the first place."?” 

Point 6: Institute training on the job. 

Deming asserts that "training must be totally 
reconstructed."*°° Training and education of employees is a 
key component of the continuous improvement process. 
Management must realize "the problems that rob the 
production worker of the possibility of carrying out his 
work with satisfaction. "7" 

Employee performance can be evaluated using control 
charts Similar to those used in measuring the statistical 
cControl of a process.’ Additional training may not improve 
employee performance beyond the "stable" condition.’ This 
approach is helpful in determining if adequate training has 


been provided for employees. However, Deming emphasizes the 


ie eiodeal. 
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need for continued training prior to reaching statistical 
control of performance and when improvement is still 
Eesscibile. °°" 

All employees must gain an understanding of variation 


> Sinkewause, the 


and the basic use of control charts. 
Organization must provide training on new equipment and 
processes. 
Point 7: Institute leadership. The aim of supervision 
should be to help people and machines and gadgets to do 
a better job. Supervision of management is in need of 
Overhaul, as well as supervision of production workers. 
Deming stresses that "the job of management is not 
Supervision, but leadership."*°* Management must direct 
efforts toward continuous improvement of the quality of 


Preduct ama service. 


Deming advises that management 
should make every effort to remove barriers which deter 
employees from taking pride in their work.’ 

Scherkenbach suggests that supervisors should perform 
not only as judge or overseer but also as coach and 


Peaeher. He Contends that the main responsibility of the 


Supervisor is to develop employees, enhancing their 


oe Tie 
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Figure 14 Fear affects nine other points. 


performance and assisting in their continuous improvement.?* 
Supervision must progress beyond the routine monitoring of 
fonmdinal numbers and percentages. "*** 


Point 8: Drive out fear, so that everyone may work 
effectively for the company. 


Deming argues that employees need to feel secure to 
Bertorm their best work.*'* The word secure means "without 


fear, not afraid to express ideas, not afraid to ask 


et T Daweh. 
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q@uestions."** Deming Glaims that fear leads to poor 
performance and "padded figures".?"" 

Management should begin with elimination of fear 
because of its significant influence on nine of the fourteen 
points. Figure 14 portrays the affect of fear on the other 
Peintse-  Scherkenbaeh maintains thatethe Success of 
Statistically based systems of management greatly depends on 
"an atmosphere of mutual respect."*'® Fear also leads to 
wasteful activities and increased costs. 

Point 9: Break down barriers between departments. 
People in research, design, sales and production must work 
aS a team, to foresee problems of production and in use that 
may be encountered with the product or service. 

There are both internal and external customers ina 
system of continuous improvement. Each member of an 
Organization must gain an understanding of customer needs, 
both internal and external. Design and sales departments 
must communicate their requirements to the production 
department in order to establish mutually attainable 


Meals. othus, teamwork 1S ah essential element in 


continual improvement of quality. 


aos cle, 
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Deming suggests that "teamwork requires one to 
compensate with his strength someone else's weakness, for 
everyone to sharpen each other's wits with questions."* 
Teamwork therefore requires a concerted effort by everyone 
on the team and a willingness to take risks. Without fear 
of taking a risk, teams could make significant contributions 
toward improvement of products and services.?’ 

Point 10: Eliminate slogans, exhortations and targets 
for the work force asking for zero defects and new levels of 
BEOaGuctivity. 

Deming claims that slogans do not aid in improving work 
performance.**®’ One slogan states, "Your work is your self- 
portrait. Would you sign it?" Deming answers, "No — not 
when you give me defective canvas to work with, paint not 
Surted to the 70b, buushes worn out, so that I can not call 
it my work."7*? Targets, slogans, and exhortations that 
promote increased productivity "never helped anyone to do a 
Poeeerey@b.'-— Slogans like “Zero defects" and "DO it right 
the first time" are creative, but the problem lies with 
management failing to provide the work force with the means 


membhese expectations. --" 
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Figure 15 Typical path of frustration. 


Scherkenbach stresses that motivation and personal 
awareness contribute to reducing the variability ina 


mEeOCesSS .~- 


But Scherkenbach says that these factors are no 
Substitute for training, knowledge of the process and proper 
tools and procedures.’*? Management's responsibility is to 


seek continual improvement of the system and "to remove any 


Special causes detected by statistical methods." 
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Figure 16 U.S. and Japanese approaches to work 
Standards. 


Deming describes "a typical path of frustration" shown 
in figure 15.°’*’ The program of quality improvement is based 
on exhortations, revival meetings, posters and enthusiasm. 
AS quality improves each month, all participants expect 
continual improvement. But eventually, the curve becomes 


level, the process becomes stable.**? Continued improvement 


| diaeer, Dp. 323. 
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is only possible through "removal of special causes" which 
is the responsibility of management.??’ 

Point 11: Eliminate work standards (quotas) on the 
factory floor. Substitute leadership. Eliminate management 
by objective. Eliminate management by numbers, numerical 
goals. Substitute leadership. 

Deming says that "a quota is a fortress against 
improvement of quality and productivity."*?> This concept is 
hard to apply to the typical U.S. work place where work 
Standards are a common practice. In figure 16, Scherkenbach 
illustrates the difference between the U.S. approach and the 
Japanese approach to the production process.*** The U.S. 
approach moves promptly to the work standard, immediately 
producing return on investment; whereas the Japanese take 
more time to reach the standard, placing emphasis on 
training, but Surpassing the standard as the process 
Semtinues, — 

Scherkenbach suggests that the Deming approach, 
demonstrated by the Japanese, results in more productivity 


over the life of the process.’? Similar to engineering 


tolerances, work standards tend to limit the amount of 


222 Tulssikal. 
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improvement in a system.*** Efforts toward further 
improvement are ceased upon reaching the work standard or 
Sraineering tol¥erance,-*° 

Sscherkenbach says that focuSing on outcomes instead of 
the process restricts the organization's ability to meet 
customer requirements.’*® Plans are made to meet short-term 
targets rather than concentrating on long-term customer 


Gocui cements.’ 


Deming stresses that "the job of management 
1s to replace work standards by knowledgeable and 
intelligent leadership. "278 

Point 12: Remove barriers that rob the hourly worker 
of his right to pride of workmanship. The responsibility of 
supervisors must be changed from sheer numbers to quality. 
Remove barriers that rob people in management and in 
engineering of their right to pride of workmanship. This 
means, inter alia, abolishment of the annual or merit rating 
and of management by objective. 

Scherkenbach discusses three systems that inhibit 
continuous improvement.’?? These systems are the Performance 
Appraisal System, Daily Production Reports and the Financial 


Management System. 


Zo gad, 10. 66. 
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Scherkenbach argues that the traditional performance 
appraisal system inhibits continuous improvement because it 
frustrates teamwork, encourages mediocrity, increases the 
variability of performance and concentrates on the short- 


@enem. --- 


Alternately, a more desirable system of performance 
appraisal "nurture[s] and sustain[s] individual employee 
contributions to the continuous improvement of the 
Organization as a team."**!' The appraisal system should 
recognize that people are an organization's most important 
asset. The system should foster development and motivation 
of employees.’ An appraisal system supporting continuous 
improvement requires: 

- - a continuous effort in counseling, coaching and 
honest, open communications between the employee and 
the supervisor, supported by opportunities for 
enhancement of professional, managerial and 
ineereensonalscoktlic.-*- 
scherkenbach recognizes that daily production reports 

"Dlace undo pressure for sheer quantity."*** The reports 
compel managers and supervisors to focus on short-term fixes 


5 


rather than on long-term solutions.**? In striving to make 
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Figure 17 Killing the messenger. 


daily quotas, they generate waste and jeopardize quality and 
meoauctivity.-** 

Scherkenbach suggests that managers and supervisors 
provide reports to upper management on a weekly basis rather 
than daily. This procedure empowers the employees by 
promoting personal development and decision making ability, 


Bnade Mintmnlzes wasted human Effort." 


2S Saeonely. 
—ierd., pp. 70-71: 


64 





Scherkenbach warns of wasteful management practices 
which isolate managers from important business information. 
He says that: 

Because of the way they [managers] treated bad news in 

the past, they will insure that they will only see good 

news. Through killing the messenger they guarantee 
that the information passed up to them will be filtered 
and censored to minimize their fear-inducing 

Eed@tlon.- 

Because management realizes that the information received is 
filtered and censored, they react with "micromanagement" and 
bypass "valuable" middle managers, inducing a fearful 
atmosphere.**’? Figure 17 illustrates Scherkenbach's thoughts 
Sekt ilang the messenger.’ 

The financial management system inhibits continuous 
improvement because of the restrictions it places on 
management.*?’ Scherkenbach recommends that managers should 


have more "flexibility" in managing budget resources and in 


dealing with Specific budget line items. *°- 
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Point 13: Institute a vigorous program of education 
and self-improvement. 


Deming Says that "what an organization needs is not 
just good people; it needs people that are improving with 


n2°> Long-term planning involves “an investment in 


education. 
people" who are constantly increasing their knowledge of new 
methods and materials.** The need for education in 
Statistical methods relative to quality and productivity 
improvement is becoming increasingly more important.’ 

Point 14: Put everyone in the company to work to 
accomplish the transformation. The transformation is 
everybody's job. 

Deming describes a plan of action for accomplishing the 
transformation.*°® "Management in authority" must recognize 
the advantages of the other thirteen points and define the 
mew direction for the organization.?°?’ They must adopt the 
new philosophy, demonstrating pride and commitment. All 
members of the organization must receive an explanation of 
the need for change. Deming suggests that "this whole 
movement may be instituted and carried out by middle 


management, speaking with one voice."’® 


Deming, Dp. 86. 
*-4Walton, p. 84. 
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Deming emphasizes that "every activity, every job is a 
part of the process."*°? The work is divided into stages 
through the use of a flow diagram. Every stage has a 
customer — the next stage.*®° Each stage of the process 
includes: 

Production — change of state, input changes to output. 

Something happens to material or papers that come into 

any Stage. They go out ina different state. 

Continual improvement of method and procedures 

[occurs], aimed at better satisfaction of the customer 

iicemyeat the next stage.*°* 

All stages work together toward "optimum accommodation", 
providing quality products and services for the "ultimate" 
Customer.*°* Each stage is improved through teamwork. 
Deming says the purpose of a team is "to improve the input 
and output at any stage."*°? The Deming Cycle (figure 7) 


will guide the organization in its pursuit of continuous 


improvement at any stage. 
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Figure 18 Schematic plan of organization for quality 
and productivity. 


Deming offers a plan for constructing an organization 
for quality and productivity.’** Deming's schematic plan 
shown in figure 18 depicts the principles of organization 
Pomeiialiey.- —ihaesorganizational concept 1S applicable to 
any type of organization or company. The plan includes a 
leader of statistical methodology who assists top management 


in the improvement of processes. 
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DISEASES AND OBSTACLES 


Deming identifies deadly diseases that plague American 
management and hinder progress toward transformation. The 
most severe ones are referred to as the Seven Deadly 
Diseases and those of less severity are called Obstacles. 
Deming states that elimination of these diseases and 
obstacles requires a "complete shakeup of Western style of 
management. "7° 

Diseases. Deming enumerates the Seven Deadly 
Diseases:*”’ 

ib back Von cOllzaney Of DPUunmpose to plan product 


and service that will have a market and keep the 
company in business, and provide jobs. 


oie Emphasis on short-term profits: Short-term 
thinking (just the opposite from constancy of purpose 
to stay in business), fed by fear of unfriendly 
takeover and by push from bankers and owners for 
dividends. 

Se Evaluation of performance, merit rating or 
annual review. 

Ales Mepaity Or mdhagement, jOo-hOppindg. 

5 Management by use only of visible figures, 


with little or no consideration of figures that are 
unknown or unknowable. 

6: Excessive medical costs. 

ye Excessive cost of liability, swelled by 
lawyers that work on contingency fees. 


266Tbhid., p. 97. 
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ds Lack of contancy of purpose to plan product and 
service that will have a market and keep the company in 
business, and provide jobs. 

Walton emphasizes that a company "without constancy of 
purpose does not think beyond the next quarterly dividend 
and has no long-range plans for staying in business."~°° 
Successful organizations must continuously improve products 
and services, meeting and exceeding customer expectations. 

Zn Emphasis on short-term profits: Short-term 
thinking (just the opposite from constancy of purpose to 
stay in business), fed by fear of unfriendly takeover and by 
push from bankers and owners for dividends. 

Deming says that "pursuit of the quarterly dividend and 


n26> He claims 


short-term profit defeat constancy of purpose. 
that stockholders prefer long-term growth rather than short- 
Eermmpnorits. 

This emphasis on short-term profits is fed by fear of 
unfriendly takeover. Deming suggests that "fear of 
unfriendly takeover may be the single most important 


obstacle to constancy of purpose."’’° He says the leveraged 


buyout is “equally devastating" .*” 
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Dis Evaluation of performance, merit rating or annual 
review. 


Deming argues that "the performance appraisal or merit 
rating focuses on the end product, at the end of the stream, 
Wemeone leadership to d@elp people."“% Walton further 
explains that performance appraisals place emphasis on 
Mie@ie-term results mather than long-term planning.*’’ She 
Says the appraisals "discourage risk-taking, build fear, 
undermine teamwork and pit people against each other for the 
same awards."*” 

Deming explains that performance evaluations increase 
the variability of performance because people with below 
average ratings try to emulate those with above average 
Maeangs.-' 

4. Mobility of management; job-hopping. 

Deming quotes J. Noguchi, managing director of the 
Union of Japanese Scientists and Engineers, who Said, 
"America can not make it because of the mobility of American 
Management."*’° Most Americans will probably disagree that 
"America can not make it", but there iS an apparent benefit 


of tenured management committed to long-term growth and 


eMedia. Oe Ole 

a oui @nyompie ole 

< Saikoniecle. 

“Penang, p. 403. 
tend. , pp. 120-121 . 


all 





quality improvement. Another serious problem, according to 
Deming, 1S the mobility of labor in America resulting from 
dissatisfaction with the job.’ 

oe Management by use only of visible figures, with 
little or no consideration of figures that are unknown or 
unknowable. 

Deming asserts that the most important figures are 
"unknown or unknowable". An example of this point is the 
effect that a happy customer has on sales or the improvement 
of quality and productivity from teamwork between 
employees .’’® 
6. Excessive medical costs. 

Walton states that medical costs are the largest 


simgle expenditure for some companies .?’’ 


a Excessive cost of liability, swelled by lawyers 
that work on contingency fees. 


There are usually no real winners in a lawsuit. 
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Obstacles. There are several obstacles that hinder 
progress toward improvement of quality and productivity. 
These obstacles include:?’®° 

- The supposition that solving problems, automation, 
gadgets and new machinery will transform industry. 

- Search for examples. Deming says that "improvement 
of quality is a method, transferable to different problems 
oncdeeircums tances, "2"! 

- Our problems are different. But the principles of 
quality improvement are applicable to all types of problems. 

- Poor teaching of statistical methods in industry. 

- Our quality control department takes care of all our 
problems of quality. Quality is the responsibility of 
managers and supervisors as well as production workers. 

- Our troubles lie entirely in the work force. Walton 
Suggests that "workers are responsible for only 15 percent 
Gf he problems, the system for the other 85 percent. "~* 
She then says that the system is the responsibility of 


management. 7°? 


“°Deming, pp. 126-148. 
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- False starts. One type of false start is the 
"wholesale teaching of statistical methods" without an 
accompanying change in management philosophy.’** Deming 
describes another false start, the idea of QC-Circles 
Muality control). He states, “the production worker can 
tell us a lot about what iS wrong and how improvements can 
bemmade."-"- But OC-=Circlles can succeed "only if the 
management will take action on the recommendation of the 
Sima diay “2% 

- The supposition that it is only necessary to meet 
specifications. The true measure of quality is whether or 
not the product meets customer expectations rather than just 
meeting specification requirements. 

- Anyone that comes to try to help us must understand 
all about our business. Deming explains that "help toward 
improvement can come only from some other kind of 


knowledge. "’°’ 
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QUALITY PRINCIPLES 


Mansir and Schacht define principles as "broad 
Statements that provide a framework of general rules to 
shape organizational thinking."*°® These principles apply to 
every aspect of the organization. Mansir and Schacht stress 
that these Continuous Improvement Process (CIP) principles 
are the foundation for "judging behavior and the basis for 
assessing corporate culture. "7% 

The principles of continuous improvement mirror 
Deming'S management concepts. These principles include 
(1) constancy of purpose, (2) commitment to quality, 

(3) customer focus and involvement, (4) process orientation, 
(5) continuous improvement, (6) system-centered management, 
(7) investment in knowledge, (8) teamwork, (9) conservation 
of human resources, (10) total involvement and 

(11) perpetual commitment.’*”® Figure 19 shows how "the 
principles work together ina logical and holistic manner to 
give substance and vitality to the continuously improving 


etlliteumee. 2?" 
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Figure 19 Mansir and Schacht's holistic CIP view. 


Picse, thewsconstancy Of purpose principle 1s centered 
on top management's statement of organizational purpose. 
The “vision of the organization" provides consistent goals 
and objectives supported by sound strategic and tactical 


pmansee?? 
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Second, the basis for continuous improvement is 
commitment to quality. Quality in this context must range 
PideminttiOon from “conforming to Specifications" to "an 
iveanoguiieke but percerived@imherent goodness. "~*? 

Third, customer focus and involvement is essential for 
process improvement. Mansir and Schacht assert that 
"attracting, serving and retaining customers is the ultimate 
purpose of any organization."’’* They say that "those 
customers help the organization frame its quality 
consciousness and guide its improvement effort."** Scholtes 
distinguishes between internal and external customers.’”’ 
External customers are those who purchase or use the 
Organization's products or services whereas internal 
customers are "fellow employees whose work depends on the 
work that precedes them. "7? 

Fourth, the most effective means to address customer 
expectations is to focus on process improvement. Where 
traditional management methods focus on post-production 
inspection and rejection of defective products, the 


Continuous Improvement Process forces management to focus on 
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the process.’’® This process oriented approach deals with 
the collection, timing, feedback and management response to 
measurement data. 

Fifth, the fundamental principle of the CIP is 
continuous improvement.’’? The key to continuous improvement 
is integrating both innovative and small incremental changes 
to the process. Innovation in the form of new technologies 
Or new ways of thinking is characterized by large changes 
and dramatic improvement of performance, while frequent 
small changes result in steady process improvement.°°° 

Sixth, system-centered management requires managers to 
constantly improve the system by which work is 
accomplished.*°* The traditional approach was to accomplish 
work according to set procedures and established processes, 
failing to make system-centered improvements. 

Seventh, investment in knowledge emphasizes improvement 
of human potential and growth. Personal knowledge, 
teamwork, Security and personal involvement are expanded by 
increased education and training. Through improved job 


Skills and abilities, and better understanding of the work 


‘°SMansir and Schacht, pp. 3-8 - 3-9. 
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process, employees will become better able to recognize and 
eliminate problems.’” 

Elghth, teamwork is essential to the success of 
continuous improvement in an organization. Process 
improvement teams are developed throughout the organization, 
translating specific goals and objectives into action. 
Teamwork applies to all levels in the organizational 
Structure. Scholtes emphasizes that "the notion of a common 
struggle for quality also applies to relationships with 
Pippliecwasm Gegqulating agencies and local communities."-°°’ 

Ninth, the principle of conservation of human resources 
recognizes that people are an organization's most important 


* Management creates a working environment in which 


asset.” 
employees are encouraged to suggest better ways to 
accomplish work. Management stimulates, recognizes and 
awards contributions of all its people. 

Tenth, the principle of total involvement ensures that 
every member of the organization participates in continuous 
improvement both at the individual and team levels.’ The 


employees are given the authority to make decisions and 


imitiate improvement actions within their own work areas. 
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Management respects and trusts employees to exercise self- 
discipline and self-direction. 

Lastly, perpetual commitment ensures that continuous 
improvement is a steady, long-term effort. Management has 
the responsibility to "encourage and facilitate positive 
change" and support creative improvement initiatives of the 


306 


WOun FOrce. Each member of the organization must 
recognize a personal role and make a commitment to 
continuous improvement. 

Robert D. Martin, the chairman of Martin Paving 
Company, Says that Total Quality Management has four basic 
PeMmicrotess = =He calls these principles the "Four Cs of 
Quality": ?° 

- Commitment to error free work. 

- Continuous improvement. 

- Concentration on prevention. 

- Customer knowledge. 

Martin attests that Total Quality Management (TQM) 
differs from traditional quality assurance programs in 
several ways. Martin says "the TQM definition of quality is 
more customer oriented than product oriented."*°? At Martin 


EPaAvwiincCmeoue Cdlcality mas a higher priority than cost, 


schedule and even safety.°*°? TQM companies make decisions 


6Thid., p. 3-25. 


Povert Da Martin. "'' Total quality" Boosts 
Petiomulanee, ROads vand Bridges, July 1992, p. 19. 
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based on long-term goals rather than short-term 
objectives.*'® Martin's approach focuses on improving the 
process and satisfying the customer rather than evaluating 
whether they can place a certain tonnage of asphalt per 
day.*'’ TQM focuses on the prevention of errors and 
continuous improvement where traditional quality assurance 
programs concentrate on the detection of errors.’* Martin 
claims that productivity increases and costs decrease in a 
TQM environment. ??? 

The TQM approach involves all employees in the quality 
process whereas a typical quality assurance program places 
the responsibility of quality only on quality assurance 


imsepectors.°** 


Martin suggests that "the concept of TQM 
contributes to continuous improvement, innovation and risk 
taking throughout the corporation."*’? He asserts that 
quality assurance programs promote "fingerpointing, blame 


finding, punishing risk takers and shooting the 


messenger."??® 
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Martin advocates a TQM company that is "fluid and 


integrated" with a flat organizational structure.*?’ 


He says 
a quality assurance organization "tends to be hierarchical, 
bureaucratic and static."*'% The TQM approach involves all 
employees in problem solving and recognizes them for their 
efforts. Martin claims that problem solving is performed 
only by senior management under the traditional approach.°"’ 
Open communication is encouraged at the Martin Paving Co. 
Martin says that "information is shared with the workers for 
Hsevin their Quality improvement teams. "°° 

Martin challenges the construction industry to adopt 
the TQM approach. He maintains that "constructors are 15 
times more likely to prefer to work independently, resulting 
ilowervamality work, Higher costs and more litigation. "-*’ 
He firmly believes that the TQM approach will result in more 
profits, reduced costs, enhanced safety and "a better 
reputation for the construction industry as a whole."*** He 


Says that "quality assurance programs are just not enough" 


to ensure continuous improvement. ?* 
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CHAPTER 3 
TOTAL QUALITY MANAGEMENT IMPLEMENTATION 


QUALITY IN CONSTRUCTION 


The American Society of Civil Engineer's Guide to 
Quality in the Constructed Project describes the principles 
and procedures for achieving quality in the constructed 
project.°’** The suggestions and recommendations in the guide 
parallel the principles of Total Quality Management. 

The guide defines quality in the constructed project 
as: 

: meeting the requirements of the owner, design 

professional and the constructor as specified in the 

contract, while complying with laws, codes, standards, 

EeGimettonry rules and Other matters of public policy.°* 
The guide includes the regulatory agency aS a "partner" 
along with the three other participants.**° The quality in 
the constructed project is attained through teamwork among 
the participants, working together to achieve mutual goals. 

The guide describes specific responsibilities of each 
team member. The owner is responsible for project 
definition and organization, for financial and site 
acquisition arrangements, for administration of contracts 

“American Society of Civil Engineers, Quality in the 
Constructed Project (New York: American Society of Civil 
Engineers, 1990), p. xxi. 
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and for operation and maintenance of the completed 


maeility.°-' 


The design professional is responsible for 
planning and design, preparation of the construction 
contract, and construction observation and technical review 
of submittals prepared by the constructor.’ The 
Semstructor 1S responsible for construction of the project 
facilities as specified in the contract, for job-site safety 
and for protection of public health, safety and the 
environment. °”’ 

The guide suggests that "quality in the constructed 
project results when the state of mind of those involved in 
the project places quality foremost."**° Effective 
communication and mutual understanding between participants 
are essential for attainment of quality. All participants 
must make a determined effort to resolve the problems that 
are routinely encountered during the construction process.’ 

There are several themes presented in the guide that 
are important to the quality process. The principal themes 
include the definition and assignment of responsibilities, 
importance of teamwork, understanding requirements and 


expectations, principles of good communication, owner's 
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Figure 20 Project team organization. 


selection processes for project team members and other 
important factors which contribute to quality in the 
Penatuieted Provect.— 

The guide discusses two significant factors that 
contribute to achieving quality. First, the owner develops 
"Complete and realistic expectations and requirements for 


the project."777 Second, the team members must acquire a 


aetna. , Dp. i. 
“Minna. , p. 5: 
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thorough understanding of the owner's role and 
mBesponsibilities.*** 

The construction project team consists of an owner, 
design professional and constructor, each competently 
fulfilling their obligations in an atmosphere of "harmonious 
cooperation".**? The owner monitors and coordinates the 
activities of the other participants throughout the 


© The guide 


Planning, design and construction process.” 
Suggests that "the owner may discharge these 
responsibilities more effectively by delegating authority to 
peprTo ject mamager."*?’ 

Figure 20 illustrates the typical project team 


@reganization,* 


The guide stresses that there are other 
successful organizational arrangements such as the design- 
construct firm which performs both design and construction 
work under one contract. 

Effective coordination and communication are essential 
elements in the quality construction process. The guide 


states "coordination translates to effective 


implementation."**? It also emphasizes the need for 
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Table 1 Roles of project team members. 


commitment by team members to facilitate good 


° Table 1 describes the principal roles of 


communication. 
each team member in coordination as the project progresses 
BuO ctart to completion. -*? 


The guide recommends that owners follow the procedures 


used by federal and state agencies, specified in the Brooks 


ed. 
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and mini-Brooks laws, in their procurement of professional 
design services.*** Responding to an owner's invitation and 
Statement of requirements for a specific project, the design 
professional submits statements of interest and 
qualifications. The owner evaluates the responses according 
to criteria included in the invitation. Selection of the 
design professional is made after the owner conducts 
personal interviews with the most qualified applicants. 
Contract negotiations between the owner and the design 
professional are conducted to define the scope of services, 
schedule and compensation plan. 

The selection process allows the owner not only to 
select the most suitable design professional but also 
provides the opportunity to establish a cooperative 
relationship between the two parties. The procedures 
provide the groundwork for developing a long-term 
relationship similar to the single supplier relationship 
advocated by Deming. 

The team approach to the construction process is 
applicable at the project conceptualization and planning 
Stage. The owner, design professional and constructor (if 
available) jointly participate in formulating, investigating 
and studying alternative approaches to execution of the 


project.**? These alternative studies include a variety of 


“aed: ,; p. 22. 
|Seod., p. 27. 
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processes relating to such items as site selection, 
schedule, materials and equipment.*** The physical, economic 
and social implications of the project are also analyzed in 
ies JOINt effort. °*° 

The guide advises that the design professional can 

avoid “threats to quality" by: 7** 

- Developing the scope of services to meet project 
requirements. 

- Developing the work plan for the design phase of the 
DEoqect. 

- Estimating accurately the hours of effort required 
and cost involved to achieve a quality design. 

- Recognizing that most programs are incomplete, that 
changes are inevitable and that budgets and schedules 
usually need to be revised accordingly. 

- Developing a realistic schedule. 

The guide emphasizes the importance of including 

associate consultants in the development of the scope of 


Remvices . 0 


Likewise, it cautions against the use of 
competitive bidding in obtaining professional services 
because making a selection without proper consideration of 
@ualifications and scope will severely threaten quality.** 


Avoiding threats to quality includes the assignment of 


experienced and knowledgeable personnel to the design team 
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Figure 21 Field organization for construction. 


as well as information-gathering and field survey teams.’**’ 
The importance of training and education is evident in 
performing design functions that enhance the quality 
objectives of the project team. 

The owner 1S responsible for assembling a construction 
team for field operations that complements the project team 


0 


Sataiizdelon. Une construction team must have the 


capability to build a quality facility while complying with 
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appropriate safety, schedule and budget requirements.*°' The 
owner's resident project representative provides team 
leadership and direction in the day-to-day administration of 
the design and construction contracts.’** Figure 21 shows 
PRewoOrdahnization Of a typical field construction team.°*”’ 

The guide attests that "quality depends on the competence 
ema integrity of each team member." 

The guide describes specific responsibilities of each 
team member that "Cannot be altered without threatening 
S@ality im the constructed project."**? These 
Epesponsibilities~are:*** 

- The owner 18S responsible for contract enforcement and 

stopping work (except in emergencies). 

- The design professional is responsible for design and 
design changes and interpretation of design 
requirements. 

- The constructor is responsible for construction 
means, methods, sequences, direction of work, job 
safety and completing the project construction to a 


level of quality in accordance with the requirements 
of the contract documents. 
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The owner's resident project representative implements 
procedures for reviewing and evaluating the quality of 


femorruction. ?-’ 


In Situ (natural or original) materials and 
procured materials are evaluated to determine if they meet 
acceptable quality Standards. Laboratory testing and 
engineering evaluation are often required for in Situ 
materials. 

The specifications outline the minimum quality 
Standards and qualification methods for procured materials 
Such as Structural steel, asphalt, concrete, paint and 
mechanical and electrical equipment. There are also several 
Organizations such as the American Society for Testing and 
Materials (ASTM) and the American National Standards 
Institute (ANSI) which provide information on qualification 
and acceptance standards for a variety of materials and 
Products 

The guide states that practices for determining minimum 
levels of acceptance for workmanship are more subjective in 
many instances.?°® For example, structural requirements like 
SOil compaction or tightness of bolts are well defined, but 
the acceptability of concrete wall finish requires more 


"Subjective judgements". ?°° 
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Mien guilce discusses ther" brend in the construction 
industry toward statistical analysis for quality control by 
constructors and suppliers, and for statistically based 
acceptance criteria by owning agencies."**® It states that 
the American Concrete Institute (ACI) provides details on 
Statistically based acceptance procedures for concrete and 
that reports on statistically based specifications are 
available from the Transportation Research Board.?*' This 
increased emphasis on statistical methods complements 
Deming's view that statistical process control is essential 
to the quality transformation of Western organizations. 

There are several definitions of Quality ASSurance and 
Quality Control. The guide defines these functions as 
femmllows °° 

- Quality Assurance (QA) comprises all those planned 
and systematic actions necessary to provide 
confidence that items are designed and constructed in 
accordance with applicable standards and as specified 
DyM#ICOMErACct. 

“ Guciltey Comerol (OC) comprises the examination of 
services provided and work done, together with 
management and documentation necessary to demonstrate 
that these services and work meet contractual and 
regulatory requirements. 


Thus, these functions comprise a comprehensive effort to 


Successfully attain quality in contracting. Total Quality 
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Management, however, includes not only Quality ASSurance and 


Quality Control but also Customer Focus and more: 


Total Quality Management = Quality Assurance 


+ Quality Control + Customer Focus + More 


The Naval Facilities Engineering Command Contracting 
Manual (P-68) views the process differently than Guide to 
Quality in the Constructed Project. The manual defines 
Quality Control as "the contractor's management and control 
of his own, his suppliers', and his subcontractors' 
ae@lalbies tO Comply with contract requirements."**’ The 
Contracting Manual further defines Quality AsSurance as "the 
means by which the Government fulfills its responsibility in 
assuring that the contractor's Quality Control system is 
functioning and through reviews, Surveillance and testing 
assures the completed product complies with the contract."°*** 
Quality Management is defined by the Contracting Manual as 


"all control and aSSurance activities to achieve that 


Gualityewhich 125 established by the contract."°*> 


363 


Contracting Manual, NAVFAC P-68, Change 87-02 
(Alexandria, Virginia: Naval Facilities Engineering 


Command, Department of the Navy, 1987), p. 176. 
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Therefore, quality is defined in the realm of 
Government contract administration as the degree at which 
Eiempnysical COnditiem Of the end product conforms to the 
requirements set forth in the contract plans and 
Specifications. Quality Assurance is the process of 
Gonfirming that the product conforms to the contract plans 
and specifications. Objective Quality Assurance methods 
consisting of measurable criteria are used in evaluation of 
performance. Quality ASSurance is the sole responsibility 
of the Government and is not a substitute for Quality 
Comerol . 

Quality Control is the process in whiehethe contractor 
ensures that the product conforms with the specifications. 
The contractor also provides acceptable and competent 
workmanship, proper equipment and materials, and timely 
services. The contractor is responsible for providing and 
maintaining an adequate inspection system and maintaining 
complete and accurate records of all completed inspection 
work. The responsibility of quality is therefore fixed on 
Giney CONtCrAacCtor. 

Quality is defined differently depending on your 
perspective. If a product conforms to the producer's 
Specifications, the quality of the product is considered 
PiucdmMity-im-face". | Om the other hand, if the products and 


***Facility Support Contract Quality Management 


Manual, MO-327 (Alexandria, Virginia: Naval Facilities 
Engineering Command, Department of the Navy, 1989), p. 3. 
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services meet the customer's expectations, the quality is 


"SThercetore, true 


considered "quality-in-perception".’ 
quality is achieved when the product not only complies with 
Specifications, quality-in-fact, but also meets the 
customer's expectations, quality-in-perception. 

The Government definition of Quality Management above 
endeavors to achieve a quality-in-fact product or output. 
But successful Quality Management depends on attainment of 
meen Guality-in=-fact and quality-in-perception. True 
quality is only attained when the specifications reflect as 
closely as possible the quality expectations perceived by 
the customer. Thus, effective Quality Management goes 
beyond achieving the quality established by the contract. 
The effort not only includes control and assurance 
activities to achieve the quality specified in the contract 
but also a dedicated Customer Focus on meeting and exceeding 
customer expectations. The process is referred to as Total 
Quality Management because it iS based on a total commitment 
by every member of the organization in addition to Quality 
Assurance and Quality Control activities and a dedicated 
Customer Focus. 

The Guide to Quality in the Constructed Project 
indicates that the owner, assisted by the design 
professional, develops the Quality ASsSurance and Quality 


Control program requirements during the early Stages of the 
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Proj eCtm The design professional prepares and implements 


2 The design 


the program during the design phase. 
professional employs quality management procedures "to 
improve thought processes, clarify communications among team 
members and to transfer the concepts and mental images of 
the project .. . to physical structures and systems to be 
iteewovethe constructor." ° The constructor'’s role is to 
comply with contract quality requirements during the 
construction phase of the project. The guide stresses that 
quality depends on total commitment and mutual understanding 
by all the team members. 

Donald S. Barrie and Boyd C. Paulson discuss another 
view of the quality process. They describe Quality 
Engineering as: 

procedures used to ensure that the engineering 
and design for a structure proceed according to 
recommended and mandatory criteria set by related 
professional and trade associations, building code 
authorities and federal, state and local organizations 
such as the Environmental Protection Agency, the 


Nuclear Regulatory Commission, the Occupational Safety 
and Health Administration and others.?” 


*Samerican Society of Civil Engineers, p. 84. 
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Professional Construction Management (New York: 
MeGiaaweli!, Ine.,81992), p. 372. 
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The process of Quality Control includes:?’” 

- Setting specific standards for construction 
performance, usually through plans and 
Spcertitcations . 

- Measuring variances from the standards. 

- Taking action to correct or minimize adverse 
variances. 

- Planning for improvements in the standards themselves 
and in conformance with the standards. 

Barrie and Paulson explain that the definition of Quality 
Assurance is not "well standardized"?’? They say that 
Quality Assurance broadly encompasses "the application of 
Standards and procedures to ensure that a product or a 
EiemlTeyeieets on exceeds desired performance criteria."°”™ 

Barrie and Paulson suggest that the "basic elements of 
quality" anelude quality characteristics, quality of design 
and quality of conformance.?’ Figure 22 shows the 


relationship between these elements of quality.’” 
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Figure 22 Basic elements of quality. 


Quality characteristics are "properties that define the 
Mature of a product for quality control purposes" such as 
dimension, color, strength or temperature.’’’ The owners 
needs and specified quality characteristics are delineated 
by the design criteria used in the engineering and design 
process for development of the technical specifications. 

The quality of design is a function of this process. The 
quality of deSign involves the tolerances or ranges for 


acceptable variation from the standard specified for the 


Sood. ww. 372. 
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preauct. >’. 


The designer must evaluate the impact on initial 
cost of higher standards of quality or lesSs variation as 
well as the effect on life cycle costs of uSing inferior 
materials or allowing more variation. The quality of 
conformance is the extent to which the construction effort 
@emplies with the specified standard.’’”’ 

The Partnering process 1S a new concept in the 
construction industry that compliments Total Quality 
Management. Partnering involves the members of the 
construction team in the development of a strategy for the 
purpose of avoiding disputes, fostering a cooperative spirit 
and facilitating successful completion of the project. The 
key elements to the Partnering concept include commitment, 
equity, trust, development of mutual goals and objectives, 


implementation of the mutual goals, continuous evaluation 


and timely responsiveness. 7? 


UU, “Da Sa 3. 
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“*°The Associated General Contractors of America, 
Partnering: A Concept for Success (Washington, D.C.: The 


Associated General Contractors of America, 1991), p. 2. 
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QUALITY CONTROL TECHNIQUES 


The are several types of charts that are useful for 
presenting data and understanding processes. These charts 
include the cause-and-effect diagram, flow chart, Pareto 
Slate, Lun (trend) Chame, histogram, control chart and 
Scatter diagram. Diane Ritter's depiction of these useful 
Shares 18 shewn in figure 23.7°* 

The cause-and-effect diagram is useful in problem 
solving. The causes are often grouped into major categories 
such as Method, Manpower, Material and Machinery. The 
possible causes in each category are explored to determine 
the most Significant causes which produce the effect. 

Figure 24 shows a typical cause-and effect diagram. 

Kaoru Ishikawa describes cause-and-effect diagrams as 
an effective tool "to clearly illustrate the various causes 
affecting quality by sorting out and relating causes."°’” 
For example, figure 25 shows the cause-and-effect diagram 


2 Pineal nel tiene t 


for wobbling during machine rotation. 7% 
the diagram follows the production process and everything 
that affects the quality is included at each step in the 


process. 


*SlWalton, p. 98. 


***Kaoru Ishikawa, Guide to Quality Control (White 


Plains, New York: ASian Productivity Organization, 1982), 
De 5.: 
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Useful charts for presenting data and 
understanding processes. 
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Figure 24 Cause-and-effect diagram. 


[Inspection 


Accuracy Measurement 


Tool makin i 
g Axle bearing Gauge Measuring standard 


Design Axle Judgement 


Workers 


Axle bearing 
F cover 
F 
G 
Axle hole Cover caulking Axle caulking 
Cover 
Body G Axle 
Punch 


Figure 25 Cause-and-effect diagram for wobbling. 
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Figure 26 Detailed flow chart of supplies 
receiving process. 
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Frequency 


Figure 
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27 Failure occurrence distribution. 


Tshikawa discusses the benefits of using cause-and- 


effect 


diagrams. The primary benefits include:*” 


The preparation of the diagrams are educational for 
all the participants. 

The diagrams help the group to focus on the topic of 
discussion. 

The process results in an active investigation of the 
causes of the quality characteristic. 

The cause-and-effect diagram requires data 

Go lleceiton: 

The "level of technology" of the workers is 
demonstrated by the cause-and-effect diagrams. 

The cause-and-effect process is applicable to any 
problem. 
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The flow chart is helpful way of representing and 
understanding a process. Comparison of the actual work flow 
with how the process should work "Can turn up redundancy, 
imerticiency and misunderstanding. "**? Figure 26 shows a 
Sera ledurilow chart of a Supplies receiving process.’ 

A histogram iS a bar graph used to measure the 
frequency of an event or occurrence. Figure 27 illustrates 
the use of a histogram. This histogram portrays the number 
of daily machine failures to assist in preventive 
maintenance. ?*’ 

The Pareto diagram is used to prioritize problem areas 
in a process. The idea implies that rather than 
concentrating on the least important sources of problems one 
should concentrate on the essential few. Figure 28 shows 
how Pareto diagrams are used to measure the improvement in a 
process.’** The figure diagrams the process defects before 
and after improvements were made, allowing comparison of the 
various sources of problems and the impact of the 


improvements. 
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Figure 28 Pareto diagram for process defects. 
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Figure 29 Run chart for documenting travel time. 
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Figure 30 Various plot patterns in scatter diagrams. 


Run charts are used to evaluate trends based on data 
Charted over a period of time. Figure 29 shows a simple run 


Cicmbirhiatecocimenteuthe wravel time to work. 7"? 
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Figure 31 Control chart for test of uniformity 
of wheels. 


The scatter diagram shows the relationship between two 
types of data. Figure 30 illustrates the various plot 
Pabttemns Tm scatter diagrams. The scatter diagram may 
indicate a positive or negative correlation between 
variables, or no correlation. 

A control chart is a run chart with upper and lower 
control limits above and below the process mean or average. 


The upper and lower control limits are an indication of 


Ishikawa, powgad: 
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paeecesccevallallon pmlem to making modifications to the 


i} 


process.°*”’ Figure 31 shows a control chart for testing of 


the uniformity of wheels produced by a production worker.” 
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STATISTICAL QUALITY CONTROL 


Barrie and Paulson suggest that statistical quality 
control is categorized as either (1) quality characteristics 
that can be measured or (2) qualitative observations or 
attributes.*?? Measurable quality characteristics include 
such items as spacing of columns, compaction density of 
earth, Shear and compressive strength for structural lumber 
and spacing of reinforcing bars.°*** Qualitative observations 
include such items as "light bulbs that do or do not 
illuminate, welds which do or do not pass inspection, 
ecenentc control elements that do or do not work, etc."*” 

Statistical properties such as measurements of central 
tendencies (mean, mode and median) and measures of 
dispersion (range, variance and standard deviation) are 
important to the quality control process. The central 
tendency and dispersion are frequently documented using 
SeneEolechares. Control charts are used to record the 
average and range of samples, and the average and standard 


6 


deviation.*’® Barrie and Paulson demonstrate the use of 


control charts by documenting the average and standard 
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Range A Range B Range C 
Design x 
Strength 





Compressive Strength 


Specified 
Strength 


(a) Mean Values 


Standard Deviation 


(b) Standard Deviations 
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Successive Quality Control Tests 


(c) Distributions 


Figure 32 Control charts for mean and standard 
deviation. 


deviation of concrete compressive strengths. These control 


Shame loremMean and Standard Geviation are shown in 
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Figure 32a shows the average or mean of consecutive 
batches of concrete cylinder breaks. Mean values are 
indicated on the vertical axis and consecutive tests 
emeeqgress from left to right on the horizontal axis. The 
tests in range A represent typical performance with good 
quality of deSign and good quality of performance. Figure 
32b presents the standard deviation for each of the tests, 
and figure 32c shows the graphical distribution of specific 
Strengths within each batch. 

The mean in range B is higher in comparison to the mean 
in range A, perhaps through overdesign of the concrete 
mix.°"* Yet, the quality of conformance to the higher 
Standard 1S about the same, represented by the standard 
deviation about the mean.°”? The mean in range C is lower 
than the desired strength, but the quality of conformance is 
also consistent. 

The test results in range D fluctuate about the mean, 
but the results are widely disperse with larger standard 
deviations. This situation indicates a lack of control over 


construction procedures and quality of conformance.’” 
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Barrie and Paulson suggest that the gradual trend 
toward increasing strengths indicated in range E "might 
indicate continuous wear on a key component in the process — 
possibly the mechanism that closes the gate that lets the 
cement into the concrete batch."*°' This observation is an 
example of how statistical quality control techniques can be 
used to uncover problem areas in the construction process. 

Barrie and Paulson discuss the second category of 
Statistical quality control which deals with sampling by 
attributes. They explain that "random sampling is used as 
an economic measure to reduce the expense of testing every 
unit produced, or in situations involving destructive 
testing where the element tested is intentionally tested to 
failure."*°* The premise behind random sampling is that a 
sample taken from a lot will statistically represent the 
whole. The reliability of the results increases as the 
Sample size increases. The drawback is that increasing the 
Sample size also increases the cost. 

Figure 33 demonstrates the risk and uncertainty in 
random sampling.*’’ The acceptable limit of defectives or 
quality level is 4 percent. The horizontal axis shows the 
actual percent defective ina lot and the vertical axis 


indicates the probability "that a random sample from a lot 


foie pe 3205. 
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Figure 33 Risk and uncertainty in random sampling. 


will show less than 4 percent to be defective."*% In this 
case, figure 33 shows that if the lot is 8 percent 
defective, "there is a 50 percent chance that the sample 
would contain only 4 percent defectives, and thus allow the 
whole lot to be accepted."**? The shaded area to the left of 
the 4 percent defective line is referred to as the "producer 


risk". This area represents the probability that a random 
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sample would reject a satisfactory lot.*”° The shaded area 

to the right is referred to as the "consumer 

risk". This area "would have to be handled through repair 

or replacement warranties, or simply have to be absorbed by 


mae consumer. "?%" 


seed 
onbnd . 


ae 





MALCOLM BALDRIGE NATIONAL QUALITY AWARD 


Public Law 100-107 created the Malcolm Baldrige 
National Quality Award "to promote awareness of quality as a 
key element in strengthening the position of U.S. business 
ie domegtic and intermational markets.**°’ The criteria for 
the award includes:‘*% 

- Promotion of quality awareness. 

- Tdentification of requirements for quality 

excellence. 

- Analysis and diagnosis of an organization's quality 

management system. 

The Malcolm Baldrige National Quality Award criteria 
emphasizes both customer satisfaction and continuous 
improvement. Organizations have both internal and external 
customers. J. P. Russell portrays customer involvement in 
BiewCistomer Imteraction Venn Diagram shown in figure 34.*” 
Russell asserts that continuous quality improvement is 


dependent on responsiveness to the needs of both internal 


amc oOxternmal Customers.” 


"J. P. Russell, Quality Management Benchmark 


Assessment (Milwaukee, Wisconsin: ASQC Quality Press, 
eo Es) Na. 
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Technology & Engineering 
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Figure 34 Customer Interaction Venn Diagram. 


Continuous quality improvement exists when the 
Organization thrives on methods and processes that foster 
continuing improvement. The methods and processes should:*"' 


- Reduce variation. 
IL MPiiieiihemnaootmealses when defects Or errors OCCUL. 
- Prevent occurrence of defects or errors. 


- Promote customer feedback — both internally and 
externally. 
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Specific busSiness practices and processes are required 
for continuous quality improvement. Russell says an 
Organization needs:‘”? 

- A process or system to reduce variation, such as 
maintaining statistical quality control (SQC) 
techniques aS an integral part of your process 
SoMmerol philosophy . 

- A prevention style of management. Prevention has two 
aspects: Preventing recurrence and preventing 
occurrence. Preventing recurrence means not putting 
out the same fires over and over again, but tracing 
and correcting the root cause of each error or 
defect. Preventing occurrence means doing it right 
the first time whenever a new product, service or 
process iS introduced. A preventive style of 
management addresses both aspects. 

- A system for data collection and customer feedback. 
An open line of communication between internal and 
external customers is essential. 

The first recipient of the Malcolm Baldrige National 
Quality Award was the Motorola Corporation. Motorola 
describes the term sigma as "a statistical unit of 
measurement that describes the distribution about the mean 
of any process or procedure."*'? Six Sigma is "a defect rate 
Sino mone thane seo per Million, Statistically, allowing for 


some variation in mean, this approaches zero 


qemects, , . att 


Pali ede sede. 

‘Motorola, Inc., "Quality Renewal," Information packet 
from Motorola's Malcolm Baldrige National Quality Award 
OfiiCce mp. 3 . 
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At Motorola, Six Sigma is another expression for 
quality. The corporation's development of a six step 
methodology was a significant step toward achieving their 
milestone of Six Sigma quality. The six step process was 
first developed to achieve improvement in manufacturing. 
Later, the process was expanded to non-manufacturing 
BUNCE oOns . 


Motorola's six steps to Six Sigma quality in 


manufacturing are:‘ 


dm FGeMELEY product Characteristics necessary to 
Satisfy customer physical and functional 
requirements. 

De: Classify identified characteristics as: 
~~ Jerseie 
- Process 
== BOEN 

a Determine whether classified characteristic is 
COmero led by - 

- Part 
- Process 
=) Both 

a; Determine maximum allowable tolerance for each 
classified characteristic which still guarantees 
successful performance. 


5c Determine process variation for each classified 
characteristic. 
6. Change design of product, process or both to 


achieve Six Sigma capability. 
Motorola's six steps to Six Sigma quality in non- 


manufacturing are:‘® 


dh Identify the product you create or the service you 
provide. 

2s Identify the customer(s) for your product or 
service, and determine what they consider 
important. 


Epica, Ineide Ccoveu: 
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is Identify your needs (to provide product/service so 
that it satisfies the customer). 


Ae Define the process for doing the work. 

5 Mistake-proof the process and eliminate wasted 
CEEOrt.. 

6. Ensure continuous improvement by measuring, 


analyzing and controlling the improved process. 

Identifying the product, product characteristics or 
service is the first step in both the manufacturing and non- 
manufacturing methodologies. Motorola suggests that this 
step 1S not as simple as it appears. Identifying the 
customer and their needs is both difficult and important. 
The corporation must understand what the customer wants and 
needs in their products in order to direct their product and 
service lines to meet those wants and needs. 

Consequently, Motorola's Six Sigma quality initiatives 
began after establishing their product and clientele. They 
fooked at ways within the organization to provide total 
product quality. Through customer interface, Motorola 
concluded that building and marketing good quality products 
within acceptable defect rates was not enough to remain 
competitive within today's market. Customers want and 
expect perfection built into every product they purchase. 

Motorola also studied the relationship between a 
product's early-life field reliability and the frequency of 
repair during the manufacturing process. They found that 
imcuimiicua Dreduem s manutacture you have to identify and 
fix defects incurred during its manufacture, you will miss 


SerCCrecmenate Willeamtcet the Customer during the early life 
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Sieitemproduct at. Gomversely, Motorolaveoncluded that "if 
your designs are robust and your manufacturing procedures 
are controlled so that virtually everything works right the 
Biase, you are hight; likely to ship products that will 
bewEGee trom faadunce in their@useful life. '"** 

Motorola claims that the Six Sigma process has been a 
critical factor in their success in continuous quality 
improvement. There has been a trend toward new invention 
"because the pursuit of Six Sigma quality has required 
dramatic changes in processes and renewal of work flows."*?’ 

Motorola"s conclusions and concept of "robust" design 
corroborates the message portrayed in Deming's Red Bead 


Experiment. Walton describes the "moral" of the experiment 


ise o 


- Variation is a part of any process. 

- Planning requires prediction of how things and people 
will perform. Tests and experiments of past 
performance can be useful, but not definitive. 

- Workers work within a system, not their individual 
Skills, that determines how they perform. 

- Only management can change the system. 

- Some workers will always be above average, some 
below. 
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Motorola's key goals are to be the best in their class 
by outperforming their competition, to increase their market 


421 


share and to improve their financial standing. These 
fundamental goals are shared by most civil engineering and 
construction organizations. Yet, these organizations as a 
whole have not placed as much priority on providing 
customers with superior quality products and services. By 
implementing Motorola's six steps to Six Sigma quality, 
construction organizations are more likely to improve their 
chance of achieving their customer, profit and market goals. 

Motorola's fundamental objective of achieving total 
customer satisfaction is enhanced by their relationship of 
trust and respect with suppliers. Their approach to process 
improvement involves working together with their suppliers 
to achieve zero defects of incoming materials. This 
emphasis on improving supplier relationships is clearly 
applicable to the construction process. 

The civil engineering and construction community has 
the responsibility to design and build facilities that meet 
customer needs and desires. Through commitment to quality 
improvement, designers and constructors can meet the 
expectations of customers and provide total customer 


Satisfaction. 


Pe ietorola, pared. 
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SUMMARY 


Total Quality Management allows construction 
organizations to keep pace with rapidly changing conditions. 
Through constant improvement of the quality of products and 
services, Dr. W. Edwards Deming professes that organizations 
are more likely to stay in business, decrease costs, improve 
profits and capture markets. 

There iS a positive relationship between quality and 
productivity. As the quality improves, costs decrease 
because of less rework, fewer mistakes, fewer delays and 
better use of equipment and materials. Consequently, there 
iS an associated improvement in productivity. 

Successful organizations must eStablish a long-term 
relationship of loyalty and trust with suppliers to improve 
the quality of incoming materials and to decrease costs. 
They must also focus on the needs and expectations of the 
customer or consumer. 

Management has the responsibility for improving the 
system of production. Management must seek quality 
improvement with constancy of purpose and total commitment. 
The application of statistical methods is essential to 
continuous improvement of processes. 

Brian E. Mansir and Nicholas R. Schacht portray 
Deming's management concepts in terms of a "Continuous 


Improvement Process" model. An organization dedicated to 
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continuous improvement creates a positive and dynamic 
working environment, fosters teamwork, applies quantitative 
methods and analytical techniques and focuses on total 
customer satisfaction. The key elements of the Continuous 
Improvement Process (CIP) are the organization's philosophy, 
principles, practices and techniques and tools for 
attainment of improvement goals. 

The philosophy of an organization represents its shared 
values, principles and concepts. The organization's 
philosophy also contains a shared vision which guides the 
thinking and actions of its members. The CIP organization 
must establish a clear statement of purpose to unite and 
focus each of its members. The policies of an organization 
Should reflect the fundamental principles of its philosophy 
and the concept of continuous improvement. The Department 
of the Navy, dedicated to continuous improvement, developed 
a statement of mission, vision and guiding principles for 
implementation of Total Quality Leadership Navy-wide. 

Peter R. Scholtes advocates the use of project teams to 
improve quality, productivity and processes. The role of 
teams includes the identification of key processes or areas 
needing improvement. Managers take part in guidance teams 
that supervise project teams which are responsible for 
finding problem solutions. Project teams not only focus on 
Quality improvement of processes but also instill the 


principles of Quality Leadership throughout the 
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Organization. Teams also aid in the development of internal 
experts trained in quality improvement techniques. 

The Ralph M. Parsons Company iS an example of a deSsign- 
Senstructwem Company dedreated to continuous quality 
improvement. The company describes their quality 
improvement initiatives as the Parsons Quality Improvement 
Process (QIP). The groundwork for the Parsons QIP is four 
quality improvement fundamentals called "the absolutes of 
quality". These fundamentals are presented aS answers to 
gestions. -- 

- What iS quality? Conformance to Requirements 

- How do we achieve it? Prevention 

- What iS our performance standard? Zero Defects 

- How can we meaSure quality? Cost of Doing Things 

Wrong 

Parsons outlines seven elements that comprise their 
quality improvement program. The first four elements 
constitute the fundamental structure of the QIP. These 
elements are organization, education, awareness and 
recognition. The remaining elements allow each Parsons 
employee to set in motion the principles of quality 
improvement. They are defining requirements, measurement 


anGweecem@@cerilive action. 
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Deming argues that the "Western style of management 
must change to halt the decline of Western industry, and to 
murn Le upward. "423 The system of improvement or 
transformation is accomplished through the application of 
Deming's Fourteen Points and elimination of the Seven Deadly 
Diseases and Obstacles. 

The Fourteen Points are applicable to any type of 
organization including a government agency, a manufacturing 
company or a construction company. By adopting the Fourteen 
Points, management sends a poSitive signal of continuous 
improvement to employees, investors and customers alike. 

Deming identifies deadly diseases that plague American 
Management and hinder progress toward transrormation. The 
most severe ones are referred to as the Seven Deadly 
Diseases and those of less severity are called Obstacles. 
Deming states that elimination of the diseases and obstacles 
requires a "complete shakeup of Western style of 
management. "**? 

Complementing Deming's management concepts, Mansir and 
Schacht discuss the principles of continuous improvement. 
These principles include (1) constancy of purpose, 

(2) commitment to quality, (3) customer focus and 
involvement, (4) process orientation, (5) continuous 


improvement, (6) system-centered management, (7) investment 
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in knowledge, (8) teamwork, (9) conservation of human 
resources, (10) total involvement and (11) perpetual 
commitment. 

Robert D. Martin, the Chairman of Martin Paving 
Company, believes that Total Quality Management has four 
basic principles. He calls these principles the "Four Cs of 
Quality" :*% 

= Commi tment to error free work. 

- Continuous improvement. 

- Concentration on prevention. 

- Customer knowledge. 

Martin challenges the construction industry to adopt 
the TQM approach. He firmly believes that the TQM approach 
will result in more profits, reduced costs, enhanced safety 
and "a better reputation for the construction industry as a 
whole."**° He says that "quality assurance programs are just 
not enough" to ensure continuous improvement. **’ 

The American Society of Civil Engineer's Guide to 
Quality in the Constructed Project describes the principles 
and procedures for achieving quality in the constructed 


project. The suggestions and recommendations in the guide 


parallel the principles of Total Quality Management. 
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The guide describes specific responsibilities of each 
team member. The owner is responsible for project 
Geminition and Organization, for financial and site 
acquisition arrangements, for administration of contracts 
and for operation and maintenance of the completed facility. 
The design professional is responsible for planning and 
design, preparation of the construction contract, and 
construction observation and technical review of submittals 
prepared by the constructor. The constructor is responsible 
for construction of the project facilities as specified in 
the contract, for job-site safety and for protection of 
public health, safety and the environment. 

There are several themes presented in the guide that 
are important to the quality process. The principal themes 
include the definition and assignment of responsibilities, 
importance of teamwork, understanding requirements and 
expectations, principles of good communication, owner's 
selection processes for project team members and other 
IMmObeaMitwideLons whieh COmtribute to quality in the 
constructed project. 

The guide discusses the "trend in the construction 
industry toward statistical analysis for quality control by 
constructors and suppliers, and for statistically based 
acceptance criteria by owning agencies."**? It states that 


the American Concrete Institute (ACI) provides details on 
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Statistically based acceptance procedures for concrete and 
that reports on statistically based specifications are 
available from the Transportation Research Board. fThis 
increased emphasis on statistical methods complements 
Deming's view that statistical process control is essential 
to the quality transformation of Western organizations. 

The guide indicates that the owner, assisted by the 
design professional, develops the Quality Assurance and 
Quality Control program requirements during the early stages 
of the project. The design professional prepares and 
implements the program during the design phase. The design 
professional employs quality management procedures "to 
improve thought processes, clarify communications among team 
members and to transfer the concepts and mental images of 
the project .. . to physical structures and systems to be 
DUabembye the Woeneatructor."*-—he constructor’s role-is to 
comply with contract quality requirements during the 
construction phase of the project. The guide stresses that 
quality depends on total commitment and mutual understanding 
by all the team members. 

Donald S. Barrie and Boyd C. Paulson suggest that the 
"basic elements of quality" include quality characteristics, 
quality of design and quality of conformance.‘?* Quality 


Characteristics are "properties that define the nature of a 
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product for quality control purposes" such as dimension, 


= Themquality of design 


@etor, Strength or temperature. 
involves the tolerances or ranges for acceptable variation 
from the standard specified for the product. The quality of 
conformance is the extent to which the construction effort 
complies with the specified standard. 

The Partnering process is a new concept in the 
construction industry that compliments Total Quality 
Management. Partnering involves the members of the 
construction team in the development of a strategy for the 
purpose of avoiding disputes, fostering a cooperative spirit 
and facilitating successful completion of the project. 

The are several types of charts that are useful for 
presenting data and understanding processes. These charts 
include the cause-and-effect diagram, flow chart, Pareto 
Shame Fume trend; wehartywailetogram, control chart and 
Scatter diagram. 

Barrie and Paulson suggest that statistical quality 
control is categorized as either (1) quality characteristics 
that can be meaSured or (2) qualitative observations or 
attributes. 

Statistical properties such aS measurements of central 
tendencies (mean, mode and median) and measures of 
dispersion (range, variance and standard deviation) are 


important to the quality control process. The central 
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tendency and dispersion are frequently documented using 
Eecmerolwecharts. Control charts are used to record the 
average and range of samples, and the average and standard 
deviation. 

Barrie and Paulson explain that "random sampling [by 
attributes] is used as an economic measure to reduce the 
expense of testing every unit produced, or in situations 
involving destructive testing where the element tested is 
intentionally tested to failure."*** The premise behind 
random sampling is that a sample taken from a lot will 
Statistically represent the whole. The reliability of the 
results increases as the sample size increases. The 
drawback is that increasing the sample size also increases 
Ene “COSL . 

Public Law 100-107 created the Malcolm Baldrige 
National Quality Award "to promote awareness of quality as 
key element in strengthening the position of U.S. business 


i wahhe Criteria for 


in domestic and international markets. 
the award emphasizes both customer satisfaction and 
continuous improvement. 

The first recipient of the Malcolm Baldrige National 
Quality Award was the Motorola Corporation. Motorola 


describes the term sigma as "a statistical unit of 


measurement that describes the distribution about the mean 
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of any process or procedure."*** Six Sigma is "a defect rate 
PmniomiopomEnatd ss .4eer million: Statistically, allowing for 
some variation in mean, thiS approaches zero 

defects. Ne 

At Motorola, Six Sigma is another expression for 
quality. The corporation's development of a six step 
methodology was a significant step toward achieving their 
milestone of Six Sigma quality. The six step process was 
first developed to achieve improvement in manufacturing. 
Later, the process was expanded to non-manufacturing 
functions. 

Motorola's key goals are to be the best in their class 
by outperforming their competition, to increase their market 
Share and to improve their financial standing. These 
fundamental goals are shared by most civil engineering and 
construction organizations. Yet, these organizations as a 
whole have not placed as much priority on providing 
customers with superior quality products and services. By 
implementing Motorola's six steps to Six Sigma quality, 
construction organizations are more likely to improve their 


chance of achieving their customer, profit and market goals. 
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